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HtEFAGB 


The thesis dealing vdth reaction mechanisins and synthesis 
is divided into three chapters. Is Phenanthraquinoneiraine Rearrange- 
ment-Structure and Hovel Transformations of Phenanthraquinoneimide- 
Anhydride; II s New Facets in the Utilization of Nucleophilic 
systems Created with Trialkylphosphites? Ills Reactions of 
2, 3~I>ibonzoylspiro (cyclopropane-1, 9* -fluorene)- A Reexamination, 

Each chapter is subdivided into six parts as Section As 
Introduction, Section Bs Background, Section Cs Present work. 

Section Ds Spectra, Section Es Experimental and Section Ps 


References, An Appendix pertaining to the NI^ spectra of spiro- 
cyclopropano-i,9"-fluorenes has been included. 

Is PHSlIAimiRAQUimNEIIgiXE RBARRANGBMBNT S TRUCTURE AMD NOVEL 

TRANSF0RI'^d?I01jS OF AilfymiDBS 


Tlie structure of phenanthraquinineimide anhydride (PQIA), 
product arising from phenanthraquinoneiraine on thermolysis, is 
shown to be 10H-dibenzo-(c,e)phenanthro-(9',lO's4,5)-iraidazo- 
(1,2-a) azopin-lO-one. The earlier structures proposed for PQIA 
have been shown to be incorrect. PQIA has been transformed by 
sequence involving hydrolysis and decarboxylation to 2-bipheny- 
lyl phcaaanthrimidazole, whoso structure was established by 
independent synthesis. 


PQIA undergoes a novel photochemical change to give 
tetrabenzophenazine by sequence involving ^2a 
dis-rotatory opening and oxygen loss. The present work reports 
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the synthesis of several model systems particularly those 
related to 3H-indazole and 3 /4-dihydro pyridazine-4-ones» 

II S NSW FACSTS IN THE UTILIZATION OF NUCL 30 EHILIC SYSTEMS 
'CRSA^ED "with TRlALKyL'gilOSgHIT^g l 

In connection with possible routes to the novel systm* 

^ -unsaturated nitroso, the tri alley Iphosphite deoscygenation 
of nitro compounds have been examined, p -Nitrostyrene reacts 
■with triiTUDthylphosphite in a highly exothermic manner to give 
phenyl acetyl diraethylphosphonate oxime. Triethyl and triiso- 
propylphosphites also give similar products. Possible routes 
to the related nitroso cyclopropanes have been examined eirploying 
2-nltro-spiro(cyclopropane-l/9'-fluorene) and 2-nitro-3-phenyl- 
spiro (cyclopropane-1/ S'^-fluorene) , Whilst the former on reaction 
with triisopropylphosphite gave cyanomethylene fluorene/ the 
later yielded the dimeric hydrocarbon, l/4-bisfluorenylidene- 
2/ 3-diphenylbutane, Structures of these novel transformation 
products have been established by analytical/ synthetic and 
degradatlvo procedures and their formation rationalized on basis 
of model studies. 

Possible electrocyciic reactions of the pentadiene anion 
systems created from cross conjugated dienones and triallsyl 
phosphites have been investigated with the acyclic dibonzal 
acetone and the cyclic raethandienone, Dibenzal acetone gave 
as the sole isolable product the unusual double Michael addition 
GOit|)Ound whose formation indicates the creation of the predicted 
pentadiene anion system. Remarkably the steroidal dienone with 
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trie thy IphospMte at 145-150*^ underwent mere dehydration 
unaffecting the dienone system. 

Unlike cyclopantadienones idiere the cyclopentadienide 
system can be created with trialkylphosphites/ diphenyl cyclo- 
propenone on reaction with triisopropylphosphite at room ten^jera- 
ture gave no evijfidence for the anti- aromatic 4e“' cycloprope '^e 
anion? instead isopropyl eC-phenyl cinnamate was isolated as the 
exclusive product. 

The course of triallcylphosphite reactions with other 
substrates such as 3-bromophthalide are presented. 

Ills REACTIONS OF 2^ 3-DIBENaOYLSPIRO (CYCLOiROPANE-l, 9'-FLUORENE) — 
A REEXAIflNATIOH ^ 

The reported rather unique transformations leading to 
unknown product^ of system trans- 2/ 3-.dibenzoylspiro (cyclopro- 
pane-1/ 9'-fluorene) has now been. reexamined, 

txans-2, 3 -Diben 2 oylspiro (cyclopropane-1 # 9^ -fluorene) 
on treatment with raethanolic potassium hydroxide followed by 
hydrogen chloride gives - contrary to earlier report - the 
rearranged product 2,5-diphenyl-3- (9'-raethoxy-9'’~fluorenyl)- 
furah/ whose structure is established by degradation as well 
as by synthesis involving 2#5~diphenyl-3- (9'-fluorenyl) furan 
cation generated from 2, 5-diphenyl-3- (9' -hydroxy-9 ' -fluorenyl ) - 
furan \diich in turn was synthesized from 2,5-diphenyl furyl 
magnesium bromide and fluorenone. 
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l<'2-DiberiZoyl (l-flurenyl±dine) ethane has now been 
identified as the product that was isolated in the previous 
work from trans-2/3-dibenzoylspiro (cyclopropane-1, 9^ -fluorene) 
and methanolic potassixam hydroxide followed by hydrogen chloride 
and further the role of 1, 2-dibenzoyl (l-fluorenylidine) ethane 
as an intermediate in the trans- 2/ 3-dibenzovlspiro (cvclopro- 
pane-1, 9''-fluorene) 2,5-diphenyl~3- O'-methoay-S'-fluorenyD- 
furan change has been established. Both trans- 2# 3-dibenzoyl— 
Spiro (cyclopropane- 1, 9'- fluorone) and 1, 2~di benzoyl (l-fluorenyli~ 
dine) ethane give the same 1, 2-dibenzoy 1-1- (9' -fluorenyi) ethane 
whilst 2 # 5-diphenyl— 3— (9 ' -methoxy-9 ^ - f luorenyl ) — furan undergoes 
hydrogenolysis to give 2,5-diphenyl-3- {9'-fluorenyi) furan. 

APPBieiXg 

The NMR spectra of diversely substituted spirocyclqpropane- 
l,9'’-fluorenes have been examined and the most favoured conforma- 
tions of the cyclopropane ring with reference to the remaining 
rigid part have been correlated employing Johnson-Bovey Tables 
and taking advantage of the unusually shielded fluorenyl-8-proton. 
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PHEKAMTHKAQUINOl^IMIl® REAJRRAM3SMSOT- 
STRUCTURE Mm I^VSL TRAi^FOR^-iATIOKS OF 
EHEIxI^CTHR^UINOI^IOTDB iUiiiyDRIDS 


2 


I. A INTRODUCTION 

In tfiG course of time no fevrar than five structures have 
been proposed for the jellow compound obtained by 2incl:e in 
1379 from phenanthraquinonsmonoiroine (I) on thermolysis and 
designated as plienantliraquinoneimideanhydride (PQIA) , since 
the I — > PQIA change involves loss of elements of watec?’ 

aincke's attenpts to determine the structure of PQIA ’were 

2 

unsuccessful. This work v;as further talcen up in 1893 by Graebe 
who assigned the rather unusual structure II for PQIA* Subse- 

3 

quently in 1914 the molecular weight was determined by Oehme 
who proposed structure III and IV for BilA* 
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A detailed study undertaken It/ SchonlDerg and itesenthal “ in 
1921 led to the e.poxide stiructure V for FQIA. However, 
structure V, had to he abandoned in view of the findings by 
Hughes and Prankpraiuna^ in 1966 that the anhydride possessed 
a carbonyl function. These authors confirmed the reported^ 
t rails forraation of PQIA to the pyridazine VI on thermolysis. 



Infact VI obtained from PQIA was compared by means of IR, 
jpicrats and mixed melting point with savapla prepared from 
10/10^-dinitro-9,9'-biphenanthryl and was found to be con^letely 
identical. On basis of this and information gathered from the 
mass spectral fragmentation, PQIA was considered to possess 
either structure VII or VIII with preference for VIII, Furtlier, 
these authors excluded all the other structures in which the 
two nitrogen atoms are not proximate on basis of the H3IA > 
pyridazine change * 
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The proposed structures VII and VIII possessing scarce hetero- 
cyclic systems must be considered unusual because o£ the thermal 
stability iraplied in these. Our ovm interest in this area arose 
from a close examination of the conclusions of Hughes and 
PrankpraJona, We discerned many novel patterns in the I — 

PQIA VI change. 

The primary objective of our vjork was to establish the 
nature of PQIA to further understand the behaviour of tliis 
unique substance. It x/as also considered worthwhile to prepare 
models related to VII and VIII, 

iJuch of the activity and the resulting uncertainity 
relating to the I — > PQI^i change is because of the rather unique 
nature of phenanthra'.]uinonemonoimine (I). Wlxilst p-ciuinone- 
imines and their derivatives have been extensively studied# 
o-quinonei mines are scarce and phenanthraquinoneimine is perhaps 
the only known example of a stable o-quinonemonoiroine. Consequen- 
tly it would be proper to provide a background relating to the 
transformation of 1# 2-diketones initiated by amine functions 
and proceeding through the corresponding monoimine intermediates. 
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I.B. BACI^ROUl© 

Interestingly plienanthraquinoneraonoiraine appears to be fhe 
only case of a stable 1 / 2-dilcetone raonoimine. This conpound is 
best prepared by the reaction of phenantliraquinone with saturated 
et nanol re aitinoni a s 



7 

Coiitpound I has also been reported to arise from phenantliraquinone 
and hydrazoic acid, involving perhaps a cycloaddition-reversal 
Toatliway s 



3 

The unstable diimine arise when phenantliraquxnone is heated with 
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ammonium acetate in acetic acids 

iH.OAc 
, — S 

AcOH, 

In general , 1 , 2~diketone-monoimines appear to be liigiily reactive 
compounds and tliis factor would account for the difficulties 
associated vjlth the preparation of other members of this class. 
Although many transformations of 2-diketones have been brought 
about in presence of amines / no critical evaluation of this area 
has been made thus far. In this section an attempt is made to 
catalogue the properties of this elusive system. Only those 
cases where a 1,2-diketonemonoimine intemediate satisfactorily 
explain^is the transformations/ are included. 

Reactions Involving 1, 2-Diketonemonoiraine Intermediates 

The substituted xiionoiraines resulting from the reaction of 

either phenanthrenequinone or acenaphthenequinone undergo a variety 

of corrplex transformations that are initiated by a 1/5- shift of 

benzylic hydrogen, Phenanthrenequinone when treated with benzyl— 

' 9 10 

amine gives IX and Xs ' 
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Interestingly in tlie reaction of acenaplrtlienequinone mth 

bensylandne tlie interraediate related to XII unclergoes dirasri- 

11 

zation to give acenaplithazine XIII s 
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The most impoirtant raaction of 2-dil-:etoneraoiioirairies appsaj^s to 
be their transforraation to imidascles involving dimeriaation. 


dehydration and 1,5- shift. 


These are sxeraplified in the 


classical transformation of beiisil to lophiiie-2/ 4/ 5— triplienyl~ 
imidazole- on heating in aimaonium acetate and glacial acetic 


acid^ 

Hi. 


i3 




r? T- ^ 


Sh 


AcOjd. 


-> 


IrU 


Ammono. j 
lysis 


Ph 


"N 




Ph 








,M1 




X 2 



0 '^ '^■Ph 
^ ^ 


Hi 


'H: 


n: 


[1/53 


-j^a 


XXV '^Ph 

In accordance with this rnechariis,m XIV \indsrgoes ready rearrange- 
ment to XV. 

Similarly acenaphthanecyiinone with am^nonium acetate is 

a 

readily transforrasd to the imidazole XVI, 
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The inucli s'tiidied and apparently trivial transforx'oation of 
hsnsil T(^ltli ariraOiiia correctly illustrates coip-plexrties t-ia'c 
arise frora iiitaraisdiatss having raanv reaction sites. The latest 
in tliis series^*^' accounts the fonaation of anvitioniura ijenzoate, 
ethyl benzoate, N-dpsylaraide (XVII ) , tripl'ienyl-oxasole 
triphenylirnidazole (XIX) and imabensil (iwi) on basis of an 
integrated raechanistic pathway. Tliis approach envisages tne 
initial formation of benzil laonoimne (XXI) to give Icey 
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The tentative structure Ugc) for imabenzil has bean proposed. 
The mechanisra of its formation has also been speculateds 


G 


i 


Ph 


Hi— C- 

w 

H 


0 



OH 

91 

i — Ph 

i'H., 



Ph — 

1 

-c — 

n 

-c 
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•H 

Ph 


'Ml-, 

uvi 2 


Ph 


M-I 



WIC t'Si ” ^ <*»• 

The foriaation of the aromatic heterocycles however can be more 
elegantly rationalised on basis of simple dimerisation of 


bensilmonoimine s 



l,4-.Addition with the formation of a B-C bond is possible 





Under more drastic conditions the moaoimines are transformed 
into diirninss and '.further reaction of these species lead to 
imiclazo.les? infact this is a' very general raethod for the 
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jj reparation of 


ind-dasoles s 


19,20 


-50 


Pn'^C 


Hicno, m. 


3. 


/ \ 



i;;' 

ik 





Ph 


Si^OAc 


AXCHO 


V 


HiGB^COPh 


Pb 


■IG^N 




a 




t 


T*r 


m-: 



'CH^Hi 


■ cr-APh 


Sh 


The addition of 1, 2-dikotOiieiaonoiiaine to aldehydes has been also 

18 ? 1 

pex'fonned by photochemical methods s 
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Phenanthraquinoneiroine when photolysed in presence of isoprox>a- 

92 

nol undergoes reduction and dimerisation to give 



Photolysis of plionanthracrainone:.aonoirnine in presence of 
sulostituted toluenes undergo a reitiar]r.atale change giving rise to 


the oxasolesj.*" necessarily involving extensive oxidation* It 
is believed that intentiediates arising from homolytic scission 
of the aryl C-H bond are involved in this changes 



Prisnanthraquinonsmonoiiaine undergoes 
addition vdtli tri alley Iphosxiaites*^^ 


an interesting (1+4) cycio- 
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I.C. PiCJ:SEl';T WORIC 

Tlis stn.icture of phonantl'iraquinoneixiiidsanhjdride (PQIa) , 
product arising from pherianthraquinonemonoiroine on taerraolysis, 
i s saoyn'i to be 1 OH-dibenso ic,e) phenanthro (9', 10*2 4, 5) imidazo- 
(1,2-a} asepine-lO-one. Tiis earlier stxuictures proposed for PQIA 
have been sliovm to be incorrect. P3IA lias been transformed by 
sequence involving liydrolysis and decarbojcylation to 2-bixonenylyl 
phenantlariraidasole, v/Iiose structure was established by independent 
synthesis. 


PQIA undergoes a novel pliotocheinical change to give tetra- 
bensophenasine by sequence involving ^2a 

disrotator;^ opening and oscfgen loss. The present wrlr. reports 
t'na synthesis of several model systems particularly those rela- 
ting to 3H-indaaole and 3,4-dihydropyridasine-4-ones. 


JiiiO DISCUS drop 


The genesis of the present t'?orh is related to the rationa- 
lization of the reported thermal transformation of phenanthracjui- 
noneraonoiminc ilj to 2_ or 3 and subsequently to cimioline 45 
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3iverse facets of molecular rearraiigeraejits can be discei-ued in 
the 1. — > 4 cb-ange; further the formation of 2 3 involves the 

rather rare l-h-h bond fomation in an addition process. 

Several pathways for the 1 ^ cnange could be considered 

and the one \> 7 nich arifDodies the essential features is presented 


below! 




The first objectives in the 
establish the structures of 


present viorv: v/as to conclusively 
corapounds arising frora 1, In the 


event the ascigni-aonts to 2/^ 
plai'U'iad to oxaraine facets of 


cUid ^ were proved correct it v/as 
the proposed xtBchanistic patlivrays. 


Of particular , 
annul ones by a 


;o.tarest -w^s the possib-il 
I'.ovel photoche-oical rout= 


ty of creation of bridged 
25 

as exenpiified with Gi 



Concurrently it was considered useful 
the rather scarce 3H-indasoles and 3/4- 
present in ^ and ^ respectively. 


to explore novel routes to 
dilr/clropy ri daz ine- 4-onas 


Further characterization of the themolysis product : 

PQIA appears to be warranted in view of the unsjcpected features 
implied in the 2_/3 —f 4 change, As elaborated in Section IB, 
l/2-clil'.etone)aonoiuiines are transfomed to imidazoles. This 
2 >athway is more logical siiice tliey occur lay dimerization invol-’ 
ving adulition to t lie G=K raoiety v/ith the formation of a new G-K 
bond in contrast to situation that is reguircad in the 3^ 2/^ 

cliangG/ namely, the formation of a bond, Conserniently 
jahenantliraquinonemonoiiiiins was eooected to lead to imidazole 7_ 
involving' additioii, delrrdration and l/S-sMfts 
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PaiGritiieticellY/ it has to bs statec tliat. ■auj.il.a v;ith 1,2-clikstone 
raonoirfiiiias, dime ri nation o?f involvinj M-N bond formation nught 
bs mors faci3.a bocanss of the genaration of the paenciiitnreiie 
s''sl 2 ton bg such e. pi'ocess. 

it 

?lioncirithrac;p.iinoAiemoiioiiTd.ne (_!} was prcparscl by the reaction 
of r)henantliraCTUinone with saturated, etlianolic aaraonia. 


rap. 158-159*" 

C-aX o . 


O V 

159 1 

n 

IRs 1> .13 

laax 

r (cm 


16S1, 

1530, 14-41 and 1275, 

# SXiicj’X'w 

Spot 

R-f « 

0,63 

{ Ben z en& s E-thyi ac et at e , 5 0 s 5 0 ) , 




Fnenanthrayainoneimideanhydride (PvlIA) v/as obtained either 

T 5 f 

by treatment of 1 v/itbi acetic anliydride'^'^ in 21% yields or by 
a novel method involvinq reflux of o-dicalorobsnsene solutions 


of ^ in 25% yields. 
p;fridine and in all 
employed . 


The crude product was crystallised from 
the present vrorh ciiystalline samples v^re 


mp, 260'*'^ (lit. ^ mp 25"/^). 

IRs l).., r3r(cra"^)g 1712, 1441, 1323 and 921. 

^aax 

TLC? Single spot R.gS 0,65 (Benssnesbthyl acetate, 50 s50) , 


Tlie absence of thermal nitrogen eictrusion on basis of 
foiTOLilation 2/^ for PQIA was raost. perplexing and it was felt ' 
that such extrusion would help towards establisliraent of the, 
strac'ture of PQIA. Loss of nitrogen from 2 would give diradical 



The possible conssquencas of nitrogen extrusion from structure 3 

27 

can be prstlicted on basis of the hnown 10 — >11 change a 





In the evant, pno'coljsis of Tl'iF solution of pure PQIA using a 
45G v/att nigh pressure Hanoria laiup precipitated crystalline 
compound ide-vtified as tetrabensijphenasine in 20', i yields, 

TrC 

Tlis structural assignment for ^ is supported analysis, IR 

and b''-^ coi-ios risor with authentic sa/nole "oreoarecl fro.;n ■Dlienanthra- 

'■ 28 “ 

cuinone and acetanilide in a Bo&lod tubes 


PQIA 


h))' 





* 


mp, ^420"^ (lit.^^ mp 440-441'*’'). 

IRs 2) Cl<Br) (cra“^) s 1372, 1220, 

inax 


755 


cirid 7 2 0 o 


The rationalisation of tlie PdXA — ^ ^ change on basis of _2 and 3 

would aiiiount to a change of a 1, 2 -i?=I'i~array to a 1,4 one and 
consoquently would be one attended with elaborate iDond gyrnnastics. 
This v/as the first indication that .probably essiguraents ^ ^ 

for PdIA are' in error. 



7 
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In contmst 

the for 

mat ion 

of 13 

on basis of 

(P 

■ 2 a 


cbang 

loss 

(p, 13) , 




from 7_ can he explained readily 
/ dis- rot atari? opening and 


...iacii of tae pro;;)Osod pathway in the —> 13_ cha 2 ige is based 
on tli 3 IcnowTi bsliaviour of the related intsrraediates. Ifeiiiy exaiii- 
ples concerning the ss well as the photocherai~ 

cal disrotataiy? opening can be found in "The Coiiservation of 

29 - , ...... T 

Orbital Symmetry", The loss of otygen rrcm aromaorc rj-oxxaes 

30 

have/ in recent years / bean frequently report3cl„'^ The 7 ^ 13 

change is novel/ fascinating and appears to be rather unique i 

Having not achieved the iiitrogen extrusion by thenaal and 
pliotochemcal means , attempts were aiade to effect the desired 
expulsion by using .2.1ectropliilsS/ the e/oactatlons being exempli- 



Trsatiae^it . of a'. benS'ene solution of PftlA t--rLtli Et^O, install” 

taneously precipitated a white solid believed to be a, salt on 



.oasis or ix\. 


♦ IR s V imr) ic:cr^)% 1'45, 144S, 1290, 1050 (broad) a2id 

I :iaiC 


750. 


** .. . •«. 

C 1 ia. 

f avo’d 


Tl.e piiotoclioniicel ?^IA — ^ cliange str 
tlie nitrogens are not proximate ana inspi 
rabie eioeriraental evidence strizctures 2 


'ongiy 

suggested 

te of 

apparent 

azid 3 

became rather 


uniikelv. 


d;;peri;:,ie:5.t s 
either 2 or ^ or 7. 
strv.cturas reveals 
gro'uping and coi:..sa^ 
of acids on treatias 


that world enable correlation of PQIA vdth 
vjere then designed, ExsrxLnation of these 
that each of these have aii activated carbonyl 
'gaeiitly would be predJ.cted to give derivatives 
ent with iiucleophilas s 
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Tills cor.iclusiori is in good agreoniont with tlia rex>orted 
transforraatioiis of ?QIA a varisty of nucieo;.ghiles^’ such as 

lu'cluouide, acotate eaid alcohols. The into-esting c.spect of 
these reactions are that it could he reversed, with great ease# 
generally by tiiernal .raeans# to ?QIA. iili these factors sugges- 
ted the operation of a ratlier facile ring o;peni:.:ig-ring closure 
process. It was the.n :pla:aned to use tlia ring opening reactions 
to give ^products that could be unarnbiguously synthesised. 

The reaction of PiilA ifitli rietnanolic potassium hydroxide 
A 

gave as reported" an aoaoxphous widte solid udiich was id-entifi.ed 
as a carboxylic acid. The insolubility of this raaterial in 
conraon solvents x^tecluded further purification, Dec a x'boxr ela- 
tion of this acid ’.ras effected in Cu/huinoiine to cfive crg’'Gta- 

ic 

nine ;:aate:rial havin'; the expected iaoieculax" formula 


^ mp «t 2 3 0 



o 

'( 13 r) (era”") s 1610 , 

1455 and 1445 . 

i-'IS 

o 

ra/ e 370 , 


uy 

a 

a 

X (htCH) (^ ) s 357 

( 2716 ), 340 ( 2010 ), 303 ( 3045 ), 



2 S 4 

( 1 S 025 ), 257 ( 63307 ) and 



229 

( 32256 ) K-a. 

uv 

a 

(StOH. ' H ) « s 

' ' raax / • . 

344 and 32 S iun. 


TLGs Single spot ilfS 0.80 (i-fethaiiol) 


The hydrolysis— dec arbojjyl at ion sequence mien agjplied to the three 
230ssible , candidates for PQIA, naiiiely _2#. 3 and j?, v/ould ,give 
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respectivsiy 15_/ and 17 / 


all having tha observed raolecular 




In principle , the three possihilities naiaely 15, l€ and IT. 
could 1 dc 3 svi’ithesizecl in a straigiitroxi'/arcl i-iaij-ier Ciicis px.ovi<— -n^ 
a routa for vaiaiTbiguous identification of PQIA vdth .eitnar 
2 or 3 or 7. Initially, howaver, it t/as considered profitable 
to affect the corrralation of the decarbo^r/latsd product vath 
proper models. With, tMs aim modais IS# 19_ .and 20 related to 
15# 16 and 17 respectively \-/are prepared, ■. 
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* 31 

CorapoT'-ad 3^ v/as prepared by the reactioii of 9-dia2o- 
fluorone v;ith p'ienyl acetyl one. This reaction, should be consi- 
dered as taring place tlirough a facile 1^5-s-iift of the 'initia- 
lly forraed adduct 21s 




„ £■* + 2 J 


r 


hA 



* .lap. 244-245° {lit. mp 245-246^). 

' 0 ^ „ (iSr) (cm“^) s 1400, 975, 


■•naj 


uv s X, 


raaii 


\ax 


(2100) , 

330s 

; (1400), 323 

(2100) , 

(34000) 

and 

233s (2600C) 

nra. 

339, 330 

ail'd. 

323 nra. 



Ifodels 19 and 20 were 'Drenared It/ standard 


procedures. 


32,20 


** 19, rap. 14S-15cf{ lit.^-'^ rap 151°).. 

IRs %iax {cra"*^) s 1600, 1560, 1497 and 1255. 

Ws X, {dtoil} {£) s 38G (35080) and 245 {72710) mi. 


rap. 

312-314° (lit. 

20 

mp 

XRs 


(ICBr) 

(cm“^) 

U V s 

X 

max 

(3tOH) 

(e) s 

UVs 

X 

(dta-I, 

n’'). 


raasi 

TLCs 

Single spot 

R^s 0 
f 


313 {19820) and 2C2 (59450) nm. 
* 3 349 and 335 siia. , . 
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The TR and W coraparisons co-ipleteiy ruled out the 
possibility that 19_ was related to the decarbojjylated iuroduct 
and coi.:seqvieatly structure ^ for PQiAo Miilst 3hv corparisons 
could not conclusively favouz* eithez' 1J3 or 20/ as related to 
the decarbozq^'iated product, the UV was in accord vjlth 2^ arid 
consaquertcly structure 7 for PQIA. Of particular iraportance 
WES the large (^10 pua) hypsochrornic shift oloserved in the UV 


with .'iiodel 20 as v/eil as the decarboxylated piroduct on addition 

of acid. In contrast the UV spectrum of 113 was hardly affected 

by such trsatraeiit. Having obtained an indication that the 

decarbozjylated product is infact the imidazole 1^, its sjfnthesis, 

was carried out in an unaiiibiguous manner. The Icey intermediate 

33 

in the svatnesis was 2- formyl biphenyl 21^ wliich was prepared 
from 2-iodobiphenyl by reaction of the corres_ponding Grignard 
reagent ’-dth Fr-raethyl-formanilide, The aldelyde ^ on treat- 
.meat with plienanthrenequinone and aimnonium acetate gave 17. in 
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excellent vieldss 


! ^ 1 

1 i.HHO,,/AcO: 

1 1 



2 0 SnCi 


, 3 o HaNCp , KL 

i£s 




GHO 

samx^la that was 

of 

the dec a rlxDi ; 



structure T» strongly suggested that the reported taemal 

correlation of PQIA v/itli cinnoline 4 is in error, Miilst experi 

nents I'/ere being planned to investigate the reported P2IA to 

34 

ciii'.iOline 4 change, a publication by Barton and Grinhara 
appeared in 1971 wliich clearly established that the reported 
PQIA — ^ ciniioiine change, as concluded in the present wri?; v/as 


rn error, 


34 


Interestingly these authors apparently completely 

5 

overloolced the 1966 v/oil: of Hughes and Pranlspralnna published in 
Tetrahedron which as described in Section I-A led us to initiate 

t^iis prograircaei Barton and Grinham, then, tools up investigations 

' s» 

relating to the nature of PQIA that was attempted previously* 
by ochonberg and Aosenthal in 1921 leading to structures having 
. for PQIA. In overloohing the 1966 work of PQIA these 
authors, unlike us, v^ere not deflected from the logical patht'^ray. 

Particularly the identification of the product resulting from 

' ' ' 3 ' 

acenaplithenequinone and arnmonitsm acetate in 1970 as M made it 

^ Facets of this n-7ork' vjsre presented, at the 
October 1970 .Convention of Chemists held at 
Efedras, India and before this publication. 
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■csra'otiiiy to visualise the PQIA cliaiige by siroitar patnways 

resulting in structure l_s 



The identification of PQIA as 7. i 
accordance \\dth the conclusions reacliad 
and the essential features of their viorl 


present work is in 
by Barton and Grinham" 
c are outlined below s 



The condensation involving 23 . and. phenanthracjuinone has, no .direct 
precedence and Gonsai,pJteTitly tlie characterisation of the product 
that was obtained in low yields as 24 is .not unambiguous. Similar 



corffi-nent is also just for assigrraent of a str’acture for PQIA 
based on its trasisforraation to ^ employi'ng sodium borohydride 
in rsfluidng pyzidinei ifevertMess our own results# wben talcen 
■vb-tli that of Barton and. 3rinnam^^ leaves little cioubt tiiat PQI^* 
lias structure 2.» "would ?oe pro|3or to explain all the reactions 

reported for this substance several group of -v^orlr-ers on basis 
of the structure arrived by us s 



mile efforts relating to the , structural' .elucidation of PQIA 


were under way# parallels .work, aimed at the preparation ox scarce 
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sj stems 26 end 27 , 
az'id 3 raspectivslv 


v/aicn ax'e of tiia pro23osed structure 2 

for PQUi. ’.'ero also undertal^en. 


As i’.ien'tionod aai'lier few exapoios of type 25 are iriiowi 


27 is a novel s; 

ystera, it 

ivas 

hoped 

yler su3:)st rates 

belonging 

to ; 

^ Cl’iCi 


:invs3tiGate„ 


O 



Co;a230t.ncl 2_8 was cnosen as a ''"ey 
model 29? 


i nt e nue di at e s 


towards 



In view of tiis marl^ed acidity of 9-’:>Gntoyl-9-fluorenyl 'oi'oton 

ft v/as ho_ped that the intrai'nolecular coupling leading to 29 

I'/ould ioe facile in buffered "aediuin. The key intennediate 2^ 

35 

was sougnt froui the hnown and easily available fluorenvlidine 


phthalide ' 30 « 

Vh t 





KOAc 

- — y 
A 


11 




-0 


i' t; 


A 


■'>>>/ \\ .// ^ 


* rap. 204-205®; (lit. 3 5 205-20^) 


(IQr) (cra“-) s 1770 (-0=0) and 975. 


r^eaction of 30 v/itli socIiu'Tiasicls in 


s;c>3ctad to lead to^ vi_a 
tl'iat conld undergo cyclia 
c::i:ect:e-I to undergo ready 


fiiraethylformaraiae was 
a Cur-tius rearraiigenent ,, species 31 ^ 
atioii to 32_ aiid wnicli in turn could be 
hydrolysis to 28. However, in the 


event, the a^iiljiclent ion M cyclised in an 
give TliS structural assigmaent for ^ 

Qiicdysis and its ready transforraation, in 


alternate manner to 
is based on IR, 
a predicted aiianxier 


to 


give 



* 3_3, mp. 13 2 -33° o 

S (lOBr) (ern"^) s 3410, 1695 (-C=0) and 1330. 

1 aa5C 

**34' 132-33°. 




i^iTi atterapt to treaisfom 3^ to the desired 32_ thenaally 
led to corapleto recover-}/ of starting material. 










r \ 


1 

I ' 

. J. 

r' V, / 

I 


0 

- ii 

0 

• II 


w. 


r Ti 


p--f 


.0 










kJ c 
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Sicparinients to convert ^ directly to the raodal 2^ hy I^l-nitro- 
s at ion also failed= 


K il 


0 

^ IS 

'■■r\ 


' ■' ■' ■’ “ 1- if 'ir 

3. " 


i s 0 






i Q 


Y''' 

0 -. /“ + 


!_ lit: /— V 

Ty'iJ 

..■sV i!=i/ 


ii-' i 




I ! 
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'i’lie system present in 2 naxaely SH-pyrazole carrying 
ce.rborr’^l fmction at 3-position could be made by reaction oJ 
the corresioonding diasolcetones xirith acetylenic functions. 


G 

IS + 


G 


Ih 


0^ 





■ 3^1 

Very recently in. 1972 ' three diazocarbonyl systems related 
to ^ have , iDeen added to acetylenedicarbojr^lic acid dimethyl ester 
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Iri each case the initially foiTaed adducts 3^ and ^ related 
to 3^ uiidervent exceptionally easy tliarmal trails formation to 
pyrazoles £y._ end 42 respectively. In retrospect# all the 
earlier claims pertaining to synthesis of systems related to ^ 
are susnecti 


't' 


Ci 




'2,3_c=C-i 
'''0 




3 =~C00Jfe 
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^■0 


U- 


i 01. 


1 V"'P' 
'' 1 -\ / 

■ 'c; 

33 ■ 


V / i- 

y^/ ■ 
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11/5! 


ET 




E. 








■f 
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i! if 
i .... 

4. 1 COOi-fe 




J-rrr/ 
■ \ 
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Further# in view of 




hioh tlierraal stability of PQIA# structure 


2 proposed by Hughes and Pranhapralsna has to be revised outri'ght 
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Such revision/ hiowover/ will not alter tna exrjectation based 
on hydrolysis, since 2 as v/all as ^ will give the sarae acid. 

The present worl: relating to ejcai'ainatioai of 4^ as a raodal 

of 2 was not fsnitful ^Decanso of the instability of the adduct. 

Compound ^ :fas prepared by a (4-(-2) addition of asibensil and 

37 


bensvne according to the re'oorted procedure,' 


It was found 


that the product mp 162*^ (lit. ' rn-p I67°)v7as not a single cornpound 
(TLC) and attempted cip/stalilaation from diverse solvent systems 
led to furtl.or complicated roixtures. 




! \__/ 


j 

f 


ai' 


\ 


Fn' 


\\ r 


4^, 


Trie attempted (4+2) addition involving banzyne and the 
30; 

diasolietone "” 45 gave a complex mixture from wliich none of the 
e:;pQctod 4f could be isolated s 


! f 

1 , 


I /-\ 







'% // 


Another approach envisaged the generation of common- 
intermediate :47, ' by thermiolysis of benzoinmonohydrazone vath 
benzii., which could rearrange to- either or 49, these, being 



raoclels of 2 and 3 respectively s 




In the event 'oonzoiruTioriOlivdrazone mien reacted mth benzil in' 
o-diclilorobenzene gave crystalline raaterial mp 203~21<P which 
esdeibited' the aKpected bensoyi carbonyl absorption {2£) * Zo'xTSver, 
elerneiitai analysis inddcated a lo\f nitrogen and high 05^gen 
ratio and this' substance has not been further examned. 
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With the icierrcification of PQIA as V it becaine possible 


to 

stud^ 

^ the novel 

Pyi-i-A — ^ 13 cnai 

nge 

chserved 

of 

thi s 

'workf with 

:.iG-.,:eis related 

to 


The 

tJ X 

thi s 

change can 

be axerapl i f i e d 

on 

'basis 

of 


'isf- 




50 


^2b'‘‘ ^2a _ 

2, eis. 

3 . Oivjge.n loss 


M-.. 




If 
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ii:>>.l3ls 52 and 5^ closely related to PQxa vjere chosen for 
the photoc lie”. deal stucliss and these >^ere prepared according to 
rerjortea -orocecrures vaa sequ-ences outrrned oalows 



* 52, mp; 175-76® (lit. rap 176-78°'). 

s (I3r) , (cm- s 1689' , (G=0) , 1433, 1325 and 943, 

** : 53,^ mp., ; 204-206® (lit,. ' 

lil s Cem"^) s 1695 (C=0) , 1351, 1316, end 77C. 
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Pliotolysis of a TliF solution of 52 using a Hanovia 
higu pressura .lai^p for 10 hr caused no precipitation and viorlz-np 
involving chrc^aatographv over silica gel gave compound rnxo 154-5^ 
which has heon tentativelv identified/ on basis of Ih and analysis/ 
as 57_, arising frora hydrolysis of unchanged 52 in the coluiiin. 

The expected dibensophenaaine ^ was prepared and TLC comioarison 
clearly sho\ved that none of 50 was present in the crude reaction 
raixture arising from piiotolysis. 








Photolysis of THi'' solutions of model 5^ 



ider these conditions 


caused no change (TLC) . Here again the expected pyrsaine 59 


was prepared, TLC e^iaviiination showed none of 59_ in the reaction 
mixture, 

V=< 

V/ 

I X 

CQ 

§9 ^ ■ ■ ■ ■ ' 

The behaviour of PQIA in contrast to models 52. and 53 
can be accounted on basis of opsi'ation of many subtle factors ^ 
suGli as. sxDecific excitation and insolubility- o£';l3» Detailed 
exat'-Ti nation of ' the photochemical properties .of related syst^as^^^ 
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liave sliowii o^jcsrctiozi of clivs^'se paxh^rar^ as a function of 
substitution and solvonts. 


in iilF gave 
the tetraloen, 


Iv phiotolysis of phenanthraquinone.'Tionoiraine itself 
a co.\!iplsx .vnixturs of vjroducts v/Iiich contained neither 
soyhenasina"’'-'^ nor FQIA. 







microns 











4000 3000 





O' 
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I , :B EXPERIJ'E Il'lTAL 
GBlNiBR?UJ 

Molting points are uncorrectad and v/ere determined on 
Fisher- John melting point ap 5 )aratus. IR spectra were recorded 
on Perkin-Elmer 521 infrared spectron^ter and Per]:in~Elmer 137 
infracord. Ultraviolet spectra were recorded on a Cary-14 
s'oectrometor. Silica gel G (Stahl) was used for thin layer 
chromatography and colujon chromatography v;as done on silica gel 
(BDH) , columns being prepared from its slurry in petroleum 
ether (60—80^), 

42 

Phenanthrenegui none 

To a stirred mixture of phenantrhene (lOG 0.56 mol) 
and chromic acid (210 g, 2.1 mol# 1 litre) contained in a 3 litre 
3 necked flask equipped with a reflux condenser and 1 litre 
dropping funnel was added cone, sulphuric acid (450 ml) at such 
a rate that gentle boiling was induced. Axter carexul addition 
of a second lot (210 g, 2.1 mol) of chromic acid in water (500 ml) 
the reaction roixture was boiled under reflux for 0.3 hr# cooled# 
poured onto cold water and chilled to 10° in an ice bath. The 
crude precipitate was collected# washed free of acid and washed 
with (3 X 300 ml) of boiling water to remove diphenic acid. The 
crude quinone was triturated with 405# sodium bisulphite solution 
(4 X 300 ml) and filtered, the filtrate cooled to 5° and the 
adduct collected# suspended in water (300 ml) and treated with 
saturated sodixim Carbonate solution (500 ml). The resulting 
deep orange phsnanthrenequinone was filtered by suction# washed 
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several tiraas with cold water and dried on a porcelain plate. 
Crystallization from 95% ethanol gave 42 g (33%) of phenthrene- 
quinone, mp 207-209*^ (lit. inp 203-210°). 

Phenanthraq^ii nonemonoiiTiine ( 1 ) 

Sthanol (200 ml) was saturated with aiOiaonia at 0°. 

Finely ground phsnanthrenequinone (6 g/ 0.03 mol) was then added 
and the suspension left stirred for 48 hr during which the reac- 
tion mixture was allowed to attain room teraperature. The crude 
inline was filtered and crystallized from 95% ethanol to give 
3,4 g (56%) of 1, mp 153-160° (lit,^'® mp 159-160°). 

(cm”^) s 1661 (C=0), 1580^ 1441 and 1275. 

ItldX 

Phenanthracfui noneimi deanhydri de (2) 

(i) A o-dichlorobenzene solution of phenanthraquinone- 
irnine (4.0 g, 0,02 mol, 15 ml) was distilled slowly during 
overnight to enable removal of vrater. The hot mixture was cooled^ 
diluted with petroleum ether (bp 40-60°)# (30 ml)# filtered and 
the residue refltU'ied in raethanol/chloroform Clsl# 20 ml) to 
remove the unreacted phananthraquinoneimine. The crude anhydride 
was crystallized from pyridine and dried to give 0,965 g (25 %) 
of 7, mp 260-261° (lit, ^ mp 257°). 

Anal . Galcd for C2gHj_gN20s , G, 84,8; H# 4,G? -M# 7,2.^' ^ 
Founds C# 34.84; H# 4,03; 11, 6,93, 

IRS (KBr) <cm“^) 8 1712 (C-0) # 1441# 1323 and 921, 

^ 0,65 (Benzene sdthyl acetate# 50 s50) . 
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(il) aananthraqulncaelMne (4 g, o .02 mol) in diatllled 

a=eti=an-.^a.-ida (12 ml). unde, reflu. for 0.15 hr. ihe 

liot iiiixture was. filtered and i 

ed and tne crude residue was crystallized 

from pyriaine to .give yellow needles of fWo ■ • ^ 

ueeaxes of tne imxde- anhydride 7 

(0.96 g, 25‘4), rap 256 - 258 ^ (lit. ^ 257°), 

Photolysi s of x^han anthrarm-i , . , 

TetrabenzonKenaz,-.~ 7r' SiaicaaiJ;zte&* Isolation^ 

Pure Phenanthraqulnoneimldeanhydride (0.96 g, 0.0025 mol. 

mp 260-261 )in distilled dry THP (350 ml) was photclyzed under 

nitrogen at.,osphere employing Hanovia high pressure 450 watt 

lamp and with a wcoidr filter ^.c*. 

^ y u/ir filter. After irradiation of 2 hr a 

yellow solid sei^arated and the rs>ar>+-.{«v. • i 

reaction mixture became turbid. 

After additional 6 hr photolysis the • t 

j B me yellow solid was collected 

and crystallised from bensene It i j • 

nensene (1 litre) to give 0.136 g ( 2054 ) of 

tetrabenzoxDhsnasine, mp ^ 420 °, 

Anal, Calcd for w . p. n 

00.42; li, 4.2; E, 7.38. 

Founds 80,68; II, 4,41; 11, 7,30, 

(cm~^) g 1372 , 1220 , 755 and 720. 

nie sa,^le was identical ( 1 «) an authentic tetrabenso 

phenazine prepared from phenanthrene<.ulnone and acetamide. 

Pr gaparaticn of authentic T e trabenzcnW.-.- ,.-'28 

in a sealed tube a mlicture of phenanthrenequlncne (1 g 
0.005 ,.» 1 ), acetamide (1 g, o.02 r. 1 , and acetic acid (1 ml, wal 
heated at 23a-240°fcr 6-8 hr. The tube was cautiously opened 



51 


and the coi-itents filtered. The residue was washed with ether 
and crystallised from riitrobensene to give 0.463 g {48%) of the 
tetrabenzophenasine/ 420'^. 

Reac tion o f Plienanthracruinoaeir ud eanlv/dride mth Boron Tri fluoride 
dt he rate s Atterapted Isolation of guna n{9} 

To a solution of phsnanthra-yuinoneiiaideanhyclride 
(0,1 g, 0,0002 raol) in dry benzene (10 ml) was added freshly 
distilled boron trifluoride etherate (4-5 drops) . The resulting 
precipitate was boiled with ethanol for C,5 hr, filtered and 
the filtrate on concentration gave a while solid (0.048 g) 
mp 223-225°. All the attempts to purify this material v/as un- 
successful. 

IRS V (K3r) (cm“") s 3350-3150 (broad), 1645^ 1448, 

max 

1290, 1050 (broad) and 750.- 

Reaction of Pl'i.enanthrecruinoneiraidsani'rrdride ^»rlth Saturated 


Isolation of 2-Hienant'hri- 


midazolyl 3iphenyl-2^-carbo:rylic acid 

A suspension of PQIA (0.5 g, 0.0012 mol) in saturated 
methanolic potassium hydroxide (5 ml) \fas left stirred overnight 
at room temperature and then refluxed for one hr. The reaction 
roixture was cooled^ treated v/ith I'^droCiiioric acid (6K# 15 ml) , 
the p>ji-' 2 cipitated acid filtered, washed several times with v/ater 
and dried; in vacuo to give 0,42 g (70%) of the acid as a \«iite 
arflorphous solid, mp^ 315°. 


I. IT. KANPUR 

CENTRAL 
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52 


eluded 


lux. Ci. 


nsolubility of the acid in co;mion solvents x^t'e- 
r puol f iccTcior; , 


iRs bx.^_(!3r} (cm~~) 


1667 {-C=0) 


3000-2500 (diffused absorption) # 


Decarbox^^lation 
c a rbojo^l i c ac i cl. 


vj. 


the 2-PIrienaii 
Isolation of 


thrlmdasolYl-bipri3nvl-2 ' - 

»— I . ...,,,,— .-A.. ■ !«* 

2-Biphenyl7lplienantlirlraidasole ( 17 ) 


A mixture of trie 
carlooiQ'lic acid (0.3 g, 
0,0025 mol) Oi’^d freshl^j 


2-p'hanantl:umidasolx7i-biplienYl-2 ' - 
0.G075 mol)/ coxoxDer pov;der (0,15 g, 
distilled quinoline (5 ml) v/as refluxed 


at 240-250° for 2 hi 


The suspension was ;ooured over ice/ extrac- 


ted mth ether and the sthej^al extract 'thrashed several tirass mth 
water and dil, liydx’ocliioric acid. The combined aqueous lax^er 
when alloii..7ed to stand overnight deposited crude 3J_ (0,065 g) 


Uiich on crystallization from benzene/iiexane gave 0,055 g (20%) 
of the pure imidazole (1J_) / mp 230°. 


ihnal . Calcd for ^ 2711^31122 C/ S7.56? H, 4.86; H, 7.58. 
Founds C/ S7„64? H/ 5.07; H/ 7,33, 

IAS (crnT^) s 1610/ 1455 and 1445. 

’■ lilGLiv 

I’lSs rVe 370. 

UVs (EtOH) (€) s 357 (2716) , 340 (2808) / 303 (8045 ) / 

284 (18025)/ 257 (6S307),and 229 (32250) nm, 

UVS X (2tOH/ H"^) s 344 and 328 lira. 

' lUOiL ' ' 

TLG s Single s|iot RfS 0,80 , (Msthaaol) , 
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Preparation of 2-fodel Compound 18 
Phenyl ac ety 1 ene 

43 

(i) Cinnaraic acid dibroraide ? To a stirred and refliJxing 
carbon tetrachloride solution of cinnamic acid (37 g, 0.25 mol, 
250 ml) was added gradually bromine (40 g, 0,25 mol) in carbon 
tetrachloride (25 ral) over 0.75 hr. After additional 0.25 hr 
the riiixture was cooled and the colourless shining needles of the 
dibroraide collected, rrp 199*^ (d) (lit,'^^ mp 202-205^) , yield 70 g 
(93%) . 

IRs ^ (KBr) (cm”^) s 3030-2500 (diffused), 171So 
max 

44 

(ii) Hienyl propiolic acid s In an open dish, under 
stirring cinnamic acid dibromide (50 g, 0.16 mol) in 25‘/« methano- 
lic potassium hydroxide (2 x IOC ml) was heated on a v/ater bath. 
The solvent was allo^ved to evaporate and the resulting tMch 
isaste was treated with methanol (150 ml) and the second lot was 
also allov/ed to evaporate. The pale yellow gr annular product 
was cooled, filtered, vraslied with chilled methanol (3 x 10 ml), 
dissolved in ice water (1 1.) and made acidic with dil. hydro- 
chloric acid (61?)* The mixture was left aside in the ice-chest, 
the separated acid filtered and crystallized from hot carbon 
tetrachloride to give 16.5 g (65%) of the desired phenylpropiolic 
acid, np 136-138'^ (lit. rap 136-138°) , 

IRS ■i)^g^(KBr) (cm~^) s 3030-2500 (broad) , 2203 (-C^) , 

and 1634 (-C=0) , 



54 


(iii) Hienyl acetylene s An intimate ■ mixture of phenyl- 
prpiolic acid (15,0 g, 0.1 rnol) and barium hydroxide (7.85 g) 
was heated at 225- 230*^ for 4 hr. The resulting mixture was 
distilled to give iohenyl acetylene 8.2 g (70>o) , bp 70—75*^80 mm 
(lit,"^'^’ bp 73-749'80 ma) . 

Reaction of 9-Diagofluorene with Phenyl acetylene i Isolation of ( 18 ) 
A mixture of 9-diazofluorene (III.E) (0.192 g# 0.001 mol) 
and phenyl acetylene (0,4 g, 0,004 mol) was left aside at room 
temperature for 15 days. The deposited crystals were collected 
and crystallized from benzene to give 0.125 g (38%) of the 
indazole IB, mp 244-245° (lit. mp 245-246°). 

IRs l),^^(KBr) (cm-^) s 1400 and 975. 

IClCUx 

W3 7V. (EtOH) (&) s 340 (2100), 330s (1400), 323 (2100), 

ruaX 

253 (34000) and 223s (26000) nm. 

Ws X (istOH, h''"') s 339, 330 and 323 nm. 

ina.x 

Preparation of Fluorenone Pnenylhydrazone ( 19 ) 

To a warm solution of fluorenone (1,8 g, 0,01 mol) in 
95% ethanol (15 ml) was added dropv^ise phenylhydrazine (1 g, 

0,01 raol) and the resulting mixture was heated with a catalytic 
aiaiount of acetic acid. The phenylhydrazone which separated on 
cooling was collected and crystallized from ethanol to give 2.16 g 
(90%) of 3^, H®) 148-150° (lit. ^^ mp 151°). 

IRs ^,,^^ (KBr) (cm"^) : 1600, 1560, 1497 and 1255. 

:UlO.X 

Ws (StOH) (t) s 388 (35080) and 245 (72710) nm. 

, 'inax ' . 
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20 

Preparation of 2-PIienyl-Pnenantl'irimidaaole (20) 

ii solution of x^iie^aiithrenequinone (1,04 g, 0,005 mol) and 
aiamonium acetate (7.8 g, 0,1 rnol) in hot glacial acetic acid 
(10 nxl) was tx'eated vath distilled benzaldehyde (0,55 g, 0,005 mol) 
in glacial acetic acid (5 ml). The reaction mixture was refluxed 
for one hr, cooled, diluted v/ith water (75 ml) and neutralized 
with liquor ariimonia. The crude imidazole \ms collected and 
crystallized from alcohol to give 1,18 g iS0%) of 2-xohenyl- 

O A 

phenanthrimidazole (^) ,mp 312-314° (lit. mp 314°}^ 

IRS l) (FvBr) (cm”^)s 1604 and 1450. 

luSX 

(€) s 359 (8250), 344 (10900), 313 (19820), 

and 262 (59450) nm, 

UVS ^^(iStOH, li'^) s 349 and 335 nm. 

ula.X 

Single spot R^s 0,78 (i^fethanol). 

Synthesis of 2-Biphenylyl Pherianthrimldazole ( 17 ) 

45 

(i) 2-Hltro diphen^/1 s Concentrated nitric acid (160 ml,- 
d, 1.5) was added in drops over 1,5 hr to a stirred mixture of 
diphenyl (100 g, 0,66 mol) and acetic acid (150 ml). The reac- 
tion mixture was cooled and the |>reci|5itated 4-nitrodiphenyl 
collected and the filtrate diluted xd-th vrater and steam’ distilled 
to remove unchanged diphenyl. The non-volatile residue was 
distilled, bp 188-195*^20 mm. The distillate was dissolved in 
alcohol at 40° and the crystals of 4-nitro-diphenyl filtered. 
Concentration of the mother liquor gave 2-nit ro diphenyl, 40 g 
(3054) np 35-3 eP (lit 

IRg ^xiax^^^^ (Gm"^)s 1538 {-1702 *asym)and 1351 (M02,sym). 
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2-i^~nino .rliplienyl s To a solution of 2-nitro- 
diplienjl. (7.5 g, 0.0375 mol) in alcohol (60 ml) v/as added a 
solution of stannous chloride (50 g, 0.26 mol) in cone, hydro- 
cliloric acid (50 ral), After refluxing the mixture over v/ater 
bath for 3 hr, it v^cis cooled, neutralised vrith cold dil. sodium 
hydro3d.de and the resulting riii3cture was e3ctracted from ether. 

The ether e3itract was washed thoroughly v/ith water, dried 
(i:^-S0^) and evaporated. The residual liquid was distilled in 
v acuo at 120*^/15 mm to give 3.8 g (59';o) of pure 2-ajaino--diphenyl/ 
rnj? 47-48° (iit.^^^ mp 49-50°). 

A7 

(iii) 2-Iodo diphenyl s * To a solution of 2-amino~ 
diphenyl (3.5 g, 0.021 rnol) in dil. hydrochloric acid (SO/a, 11 ral) 
was added aqueous sodium nitrite (1.5 g, 0.025 mol, 7 rnl) and 

the solution was cooled to 0°, An aqueous solution of potassium 

iodide (10 g, 0,06 mol , 15 ml) was added slowly to the stirred 

reaction mixture. The resulting heavy paste was allowed to 

attain room tesiperature during 1,5 hr and the mi3<ture warmed on 

a water bath to escpel nitrogen. The reaction miseture was extracted 

mth benaene and the organic layer vrashed vri.th saturated sodium 

thiosulphate, v/ater, dried (CaGl 2 ) and distilled at 110-12i^/0.*6mm 
a7 ri to give 

(lit, 158 g (60%) of 2-iodo-diphenyi, 

(iv) 2- Formyl diphenyl s Under nitrogen to a stirred 
solution of 2-iodo diphenyl (1.5 g, 0.005 mol) in dry ether (10 ml) 
was added magnesium strips (0,2 g, 0*005 nx)!) . Instantaneous 
vigorous reaction,' After 0.2 hr a solution of distilled 
13-methyl fomanilide (1.4 g, O.OGI rnol) in ether (5 ml) was added 
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in drops and the riiixture v;as left stirred at room temperature 
for 3 hr. The reaction mixture was made acidic with hydro- 
chloric acid (2 X 20 ml) and extracted from ether (3 x 20 ml). 
The ether- extract was washed successively -with water, sodium 
chloride, dried {i-^SO^) and evaxoorated to give 0,92 g (100%) 
of esseiitially pure 2jL (TLC). 

iRs (neat) (cm~^) s 1695 (-C=0) . 

uloQC 

(v) Reaction of phenanthrenequinone vd.th 2-formyl- 
diphenyl s Synthesis of 2-biphanylyl phenanthrlmidazole ( 17 ) 

A solution of plien ant hrenequi none (0,52 g, 0,0025 mol) and 

aiumonium acetate (3,88 g, 0,0025 mol) hot glacial acetic acid 

(Sml) vra;s treated with 2-forrryl diphenyl (0.545 g, 0,003 mol) 

in 5 mi of acetic acid, 'The reaction mixture was refluxed for 

1 hr, cooled, diluted with -water (40 ml) and neutralized with 

liquor amraonia. The precipitate was collected, crystallized 

from bsnzene/hexane to give 0,35 g (92')o) of 17 , mp 223-224°. 

TRi (I®r) (cm“^) I 1610, 1455 and 1445. 

iilciX 

W2 X (StOH) (€)g 356 (2734), 341 (2842), 30S (3072), 

iflciX 

285 (13074), 257 (68363) and 229 (32230) nra. 

UVs ^^(EtOH, hX ■ 2 344 and 323 nm. 

' luclX 

This compound was identical in all respects Cre^, IR and 
UV) -with the decarboxyl at ed product. 
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Attempted Preparation of 3-Spiro (3H)-fluQrenyl) ^ 4-oxa-cliliydro-» 
Cinnoline ( 29 ) 

35 

(i) Fluorenylidine phthalide s An intimate mixture of 
sublimed phthalic anhydride (20 g, 0,14 rnol)/ fluorene (24 g/ 
0,09 mol) and anhydrous potassium acetate (14 g, 0,14 mol) was 
heated in an oil bath at 200-220° for 2 hr. The brown residue 
was boiled id.th water# dried# i^ulverized# extracted mth ether 
to remove unreacted fluorene and ci: 3 ,rstallised from a mixture of 
ethyl acetate and alcohol to give 2,5 g {7%) (lit,^^ 2.5 g# 7%) 
of fluorenylidine phthalide as beautiful yellow needles# 

mp 204-20^ (lit.^^ rap 204-206°), 

IRS (cra~^) s 1770 (~G=0) # and 995. 

TLCg Single spot (R^s 0,78, methanol), 

(ii ) Attempted preparation of 32 s Is olation of 2#4-Dioxo- 
spiro (tatrahvdro-cfuinoline-3# 9 »-fluorene) (^) 

A stirred mixture of fluorenylidine phthalide ( 30 ) (0,5 g# 

0,0017 mol)# sodium aside (0,5 g# 0,0017 mol) and distilled 
DMF (5-G ml) was heated in an oil bath at 160-170° for 5 hr, 
cooled and added to ice-cooled water (100 roi). The reaction mix- 
tiire- vAras extracted with ether# washed with water# dried {i4gSO^) 
and evaporated. The residue on crystallisation from hexane gave 
beautiful yell ovr needles (0,140 g# 23%) of 3^# mp 182-183°, 

. Anal . Calcd for G# 81. 2#- H# '4,2? H# 4,5. 

Found? C, ;81,4? :H# '4.52? H# 4,42. 

IRS (l3r) (cm’*^) s 3410, 1695 and 1380. 

XtlaMiirV , , , ' f 
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Reaction of 33 v/lth I-fethanoilic Potassiura Uydro^cide s Isolation 
of ^ 

A solution of ^ {0.05 g, 0.0016 mol) in mathanoiic 
potassium hydroxide (2.5 ml) v/as left aside overnight. The 
resulting mixture v/as concentrated, diluted with water and on 
acidification gave ^ (0,032 g, 65:4), mp 132-133°. 

Anal . Caicd for ^ 2 1*^1 5 ^'^'^3 ° 4,5? 4,25. 

Founds G, 76,23? H, 4.38? n, 4.12. 

Reaction of 33 with Sodium ITitrite/Hydrochloric acid s Attempted 
Preparation of iaodel 29 

To an ice cooled (0°) stirred suspension of ^ (0,031 g, 
0.0001 mol) in water (2-3 rol) was added acfueous sodixim nitrite 
(0,065 g, 2 rol). I'fork-up gave unchanged starting material. 

Reaction of 33 with Dinitrogen Trioxide in Benzene s Atteropted 
Preparation of 29 

A solution of dinitr-ogen tri oxide in benzene was prepared 
by reaction of arsenious oxide with cone, nitric acid. To a 
stirred solution of 3^ in benzene (0.029 g, 0,0001 raol/ 3 ml) 
was added excess dinitrogen t rioxide in benzene and the result- 
ing solution was- refluxied. TLC showed no change. 

Pyrolysis o f 33 s Attempted Isomerization to 32 

A samxDle of 3_^ (0.02 g/ 0, 0001 mol ) was heated in an 
oil bath at 210° for 2 hr. The sublimed material was identical 
(TLC) with starting material. 



61 


'ch'3 vr/jclpitat-jd salt vn:\3 colloctsd, carofully v.rashsd 
tetraliedrofuran and dried. Yield 2.29 g' {61%). 


•ifith cold 


q *7 

{ii) Reaction of azibensil i-zitli benzyxie .s Benzene 
diazoniura o-carboxylate (0,44 g, 0.003 mol) was added to a 
stirred solution of azibenzil (0,679 g, 0*003 raol) in dry 


metliyiene cnloride (15 riil). The mixture v/as refluxed for 8 lir. 


Tile solvents v/ere evaporated and tlie residue chroinatO graphed 
on alui’iiina using benzene as eluent. The crude product (n^ 
(159-162?0.60 g, 67%) was not ;pure and attempted ciyi'stalliza- 
tion from solvexits lead to further decoraposition. 


Attempted Preparation of libdels 4G or 49 Involving Coimrion 
Znt e XTiiedi ate 

Benzoin hydrazone A solution of benzoin (10 g, 

0,05 mol) iii alcohol (100 ml) vras heated over a water bath with 
hvdx'asine li^’^drate (3 a, 0,06 mol). The roaction mixture was 
cooled and crjstels of crude hydrazone collected and csystallized 
from alcohol to give benzoin hydrazone (7,6 g, 67%) » 72-73'^ 

(rit. Kp 12 ) » 

IRs (crir^) 3 1440, 1430, 1035 and 1020. 

Reaction of Benzoin Hydrazone wit h Benzil in o~DicMorobenzene 
A solution of benzoin Iiy lrazone (5,65 g, 0,025 raol) and 
benzil (5.25 g, 0,025 rnol) in o~dichlorobansene (20 ml) was 
heated in an oil bath at reflux overnight. The solvents removed 
in vacuo and the crude residue on trituration mtli xaetroletim 
ether (bp ,40-60°) gave, crystals ^ 5 . 5 ' 209-210°; yield 2,3 g. 
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Ail Si. o Founcio Of 70o34? i-;/ 5a5Uo 

ISs {cni“^) s 1675, 1590, 1445 and 1220. 

Preparation of Jibenzo (c,e)b3nsiraidaso (1, 2c-.a) izepin-O-one ( 52 ) 

(i) Diphonic anhydride g A stirred raijcture of diplienic 
acid (7,25 g, 0.03 mol) aiid acetic anhydride (225 riil) was heated 
at 120^ for 1 hr, cooled and the crystals of anhydride collected, 

washed with acetic acid and dried. Yields 3.5 g (52%), 

0/51 0 \ 

mp 21S-220 (lit. mp 220 ) » 

IRs {I3r) (cm“^) s 1773, 1745, 1300, 1073 and 1044. 

lIlcCC 

(ii) Diphen-2^da:iiinoanilide carlx)ir 7 lic acid ( 54 ) s A mixture 
of powdered diphenic anhydride (4.48 g, 0,02 mol) and o-j)henylone 
diamine (2.16 g, 0,02 mol) in alcohol (60 rnl) vras refluxed for 
0,5 hr, cooled, the crude 54 collected and dried to yield 2,65 g 
(40?i), rap 125-130®. 

(iii) R^rolysis of uiphan-l^taiiunoanilide carboig/lic 
acid ( 54 ) s Isolation of (52) s The adduct ^ (1 g, 0,003 mol) 
was heated to 150® in an oil bath for 0,5 hr. Heavy frothing.* 

Tloe reaction mixture cooled, acetic anhydride (25 ml) was *added 
and the resulting mixture heated until solution was achieved 
and cooled. The precipitated crystals of 52 were collected and 
crystallised from, ethanol to give 0, S3 g (93i;'9) of pure 52, 

rap, 1.75-176® (lit. 2^, inp i7cf), 

3 :Rs A 1433, 1325 and 943. 

TICs , Single spot (R^s . 0,63 benzene sethyl acetate,, (so s&O)^ 



63 


9 , ^ 52* Attempted Isola tio n of Dlljeazoghenas ine (58 ) 
Coiipounci 5_2 (0.75 g, 0*0025 mol) in di stilled. dxY THF 
(ooO all) was plio'colyzed using a Ilaiiovia hig'n pressure lamp for 
10 lir I'sing a ir*Gor rilter, THF v^as reraoved under reduced 


pressure and the crude 


product was chromatographed over silica 


gel. .dilution lath banzene/ethyl acetate gave compound 57 
(0.235 g) , mp.-154-.i55°. 


(cra-^) s 3333-2500 (broad), 

757 (broad). 

Preparation of Dibenzoohenazine (58) 


1695, 1439 and 


To a hot solution of phenanthrenequiiione (0.208 g, 0.001 
itioi) in glacial acetic acid (5 roL) v/as added ethanolic solution 
or o— piienylene diamine (0.094 g, 0.001 mol, 5 ml). Instantaneous 
colour changed The resulting precipitate was filtered, washed 
free of acid, dried and crystallized from hot alcohol to give 
0.213 g (76 /o) of the pure phenazine, rap 219*“' (iit,^^ rap 217°), 

Preparation of 1, 2-ITaphthovlenebenzimidazole ( 53 ) 

c anhy d ri de s ^ ^ To a mixture of technical 
grade acenaphthene (7.7 g, 0,05 raol) in p^rridine (140 ml) was 
added a solution of potassiura permanganate (35.5 g, 0,225 mol. 


140 rrl) and the mixture heated at 60° for 1 hr, cooled, treated 
successively r-dth sodium thiosulphate, sulphuric acid (dilute, 611 ) 
and then extracted with methylene chloride. The organic layer 
was v/ashed mth aqueous sodium bicarbonate, dried (ligSO.) and 
evaporated. The crude residue was crystallized frora admixture of 



alcohol eaic bensene bo give 3.75 g (SSVO of naphthalic anhydride 
rap 267-258''"’ (lit. roip 260®), 


Iks ^ (;<Br) (c.-r^) s 1770, 1740 (-C=0) , 1020 and 780. 


(ii) fraction of naphthalic anhydride with o- pheny 1 ene- 
cli amin e s Isolation of 13- (o- aminophenyl )naphthalimide-8-carboxylic 
acid ( 56 ) i a mixture of o-phenylene diamine (l.OS g, 0«01 mol) 
and naphthalic anhydride (1.93 g, 0,01 raol) in methanol (15 ral) 
was heated at 60® for 4 hr, cooled and the crude product collec- 


ted, washed succossivaly with rruBthanol (2-3 rol), aqueous sodiriin 
carbonate (5-6 ml) and crystallised frora benzene to give 2,12 g 
(69;1) of rap 270-272® (lit."-® mp 270-272°), 


(iii) Pyrolysis of It- (o- a’-yiinophenvl ) naphthalimide-G- 
car b oxylic acid (56; s Isolation of 1 , 2-naphthoylenebenzimidazole ( 53 ) 
Hae naphthalimide carbojcylic acid ( 56 ) (2 g, 0,006 mol) in acetic 

acid (15 ml) vras heated under reflux for 1 hr, cooled and the 
brilliant yellow compound was crystallised from raethanol to give 
0.85 g iSOii) of pure rrp 204-206° (lit. rp 206*^). 

IR: (3Qr) (ca“^) s 1695 (-C=0) , 1351, 1316 and 778. 

TIjCs Single spot (R^s 0.55, benzene sethyl acetate, 50 :50) . 


Photolysis of 1,2-Haphtliovlenebenzimidazole ( 53 ) s Attempted 
I solation of the Azine 59 , 

Compound 53 (0,6 g, 0,0022 raol) in distilled IHP (350 ml) 

was photolyzed using a Hanovia high pressure lamp for 8 hr, TIC 

examination showed no change. 
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54 

AGen^-jIitneno- :uxnone 

To a stirred riixtare of tecl'iricai grade acenaplrthene 
(20g, C,13 lacl)/ ceric acetate {l g) and glacial acetic acid 
(IGO ;:al) v;as added sOxfduia dicliroraate clihpdrate (65 cj, 0.22 mol) 
over a period of 2 hour„ The .. temperature v/as maintained at 
40^, Tlio stirring was continued for additional 8 hr^ the 
resulting tidclr. suspension v/as diluted v.ritli cold \irater (300 iril ) , 
filtered and washed free of acid. The solid was digested on 
steam bath for 0.5 hr vath lO'/a sodium carfjonate solution (100 rol), 
filtei'ed and washed v/ith v/ater, Tlien it was extracted with 4% 
a<iUeous sodima bisulphite (200 iul), at the end of which sodium 
hydroxide was added and filtered. Tlie operation v/as repeated 
2~3 times and the combined filtrate v/as acidified- at 30*^ mth 
dilute hydrochloric acid (6ih 120 ml). The resulting bright 


yellow solid was filtered, washed v/ith w^ater until free from 
acid and dried (11,5 g) , The crude cuirione was crystallized 
from o-dichlorobenzene (50 rol) to give 9 g (37%), mp 258-260^ 
dit.^'^' np 259-260^), 

Condensation c£ Acenaphtheneguinone with o- Phenylenediaroine s 
Preparation of the Azine 59 

To a hot solution of acenaphthenequinoiie (0.206 g/ 0.001 
mol) in glacial acetic acid (S ml) vreis added etlianolic solution 
of o~phenylenediaraine (0.094 g, 0.001 mol, 5 ml). The precipi- 
tate which separated after 5 rain, was collected, waslied free of 
acid and dried to give G.218 g (78%) of the azine 59, mp 239-24d^ 
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Kio-colysiD 

i\lirG 


of Zienantlirac-ainoneraoiioin'iiriG 
plioLicuTcIira^raiiionenionoiraine (1 } 


^ 1 ) 

(C.823 


0.004 .mol) 


in fa. stilled diY 
atrao spaere .empl 07 ! no: 
mtli a •^/j'Gor filter. 


{350 .ml) v;as p.;iotol 7 zed under nitrogen 
manovia nigli pressure 450 watt lara]p and 
lifter irradiation for S lir, the solvent 


v/as reiaoved under reduced pressure 
crude product did not sliov/ the pre 
the tetrabensonhenasine ,13 , 


. Tijj exai^ii nation of 
sence of neither PQIA 



the 

(7) nor 
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NSW FACETS IN THE UTILIZATION OF NUGLBOEHILIG 
SYSTEMS CREATED WITH TRlALK7fLEHOS£HITES 
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II.J. lilliiODUCTIOK 

iriailzyl pliospliites as raagents nave captured the iinagina- 
tion of rnanv in view of the great potentialities associated with 
these. The substrate eiuployed practicaliy involve every type of 
functional group comiDination and in recent 3 rears/ from eiipsrience 
gained pertaining to the raode of their actiorp triallqrl phosphites 
have 3oeen eraployed to bring a^DOUt a si^ecific change. This new 
approach comprising of planned application of the reagents wuld 
greatly enhance their practical utility and v/ould provide simpii— 
feed procedUi'es for raaiiy tra.nsforrciations. Tlie most fundaiiiental 
property of these reagents is their ability to effectively 
interact with electrophilic substrates to create electron excess 
systems s 



P(OR)^ 

\ 


P(0R)2 



4. 

o (OR) 


3 



Cl asS"«I 



+ 

O PCOR)^ 

Glass-Il 


The present wo rh is primarily concerned mth the utilization 
of the electron excess system thus created to explore new possi- 
bilities in the area of synthesis and reaction mechanisras and 
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Tlie' results 'of tliese investigations are presented iU' II,C, 
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The vastness ■' of data relating to interaction of tx'iailcj.^'lpaos- 
phites with diverse substrates^ particularly aromatic Mtro- 
corapounds/ preclude inclusion of a detailed baclcground pertain- 
ing to reactions involving these compounds. Fortunately several 

1-9 

revie^fs aiici '.aoriographs on tnis topic are available. Conse- 

quentl;/' only the most recent results are included in jproviding 
a prosier bacltground. Par'snthetically whilst aromatic nitro 
systems have been e^rcensively studied# those involving ' carbonyl 
functions have started receiving attention only in recent years. 



II. B BACI^ROUIO 


i'iich Of the 
compounds is bee a 
vd-th o::;:jgen thus 
negative atora, T 
pMles {g'D ;;here. 


novelty associated vtlth phosphorous (III) 

•as 3 of their great tendency to form bonds 
creating electron excess on a less electro- 
his behaviour is to be coiitrastsd \fitli nuc lo- 
in/ in accordance vrlth normal bend jpolariaation 


elec-cron excess 


is crea'ted on the more electronega'tive OiCfgens 


A=0 

R .“0 



A-0-?- 


sY 

^ Y 




The further trans formations of the initially formed dipolar 
adduct is vezv aiuch a function of A and consaguently 'bliis brief 
review is classified accordingly. 

iteaction of Triallryl Hiosphi'ces m-th lUtro and Hitroso Coiapounds 
Tlie for.'iation of nitrene intermediate, from aroraatic nltro 

co.upounds is now accaxDted as a general reaction and much of the 

A 

activity in tMs area since the last review' lias been associated 
with tile xolanned transforroations of the expected nitrene inter- 


ArlO^ — — > ArNs ^ Products 

A : ^ ’* . 7 


mediates s 
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C-H Insertion Reactions 


Tills well investigated procedure has given rise to a 
general route to diverse heterocyclic corapounds and can be 
ereiajplified mth tw recent examples 



I?- H- Bond fformation 


Several mesoionic 


systems have been synthesised by 


neutralising the electrophilic nitrene vri.th nitrogen lone 
12-15 

oairss 
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CycloadGltlon Fieactlon 


ArOiiiatic nitrenes undergo c'^cloaddition to give bicyclic 
systems which are readily opened with triallcyl phosphites to give 
cierivatives* This hSiiaviour is analogous to nhenyl— 


iiitrene generated from the corres'ponding azide in presence of 
1 7 

ahilines” 



-J-iie nitrene could also unciergo a (lt2) addition involving a 
transannular ester grour^ing leading to a heterocyclic system* 



tions could not be characterized as such loecause of the established 
higher reactivity of nitroso compounds towards triallq^i phosphites. 
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However^ in the cases vjtiere possibilities for intraraolecular 
reactions exist, compounds resulting from the nitroso interme- 
diates ai'ise. The fascinating I — ? II change involves an intra- 
molecular cycloaddition through the initially formed nitroso 
19 

i n t e xmedx a te s 

? (GG-.>h ) 

2 D 


■> 

20 

Recent studies Involving aromatic nitroso compounds leading to 
nitrene intermediates have shown the inconsequence of steric 



-L 


'2 


-4/ 






effects thereloy supporting 


initial 0-p bond formation leading 


to dipolar irrten'nediates s 


Ar~i?=0 


?{0R). 


Ar-i;i-0-P(0R)„-Zi:± Rr-Ns t 

S * at ^ 


Q 

ft 

P(OR) 


21 

Very recently it has leeen sliovHl that tertiary nitrosO' coi'igjounds 


also undergo the expected deoxygenation with trialJ^l ' phosphites 
to give the corresponding nitrenes which undergo al34yl migration 
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to give JcMff bases s 



^ 72 

The J-aI ' 7 IV ci''iange“ involves, an extensive fragmentation 
initiated If/ the nitrene intermediates 


3 ? (CC H ) , 


\\ I 

y— C=a=:N-Ih t GH^CII 





so 


of Triallc^rl' ghosphit.es with Carbom/l Compounds 
The most versatile facet of the carbonyl group - trial]<yl 
phosphite interaction is the foraiation of the dipolar adduct V- 
wMch can open up diverse path ways depending on the nature of 
particular substrates 

-h 

>-P(0R)3 
V 

Several reviews azid monographs pertaining to this aspect of 

cliemistiy are available^”"^ and consequently ohiy those 
of ei tiler direct relevence or of recent origin are included. 

Reactions ifith Ketones 

In general/ only those carbonyl systems which can stabilize 
the dipolar adduct V react readily mth trlalltyl phospMtes, 
Unactivated Icatones undergo reaction only under forcing condi- 
tions to give complicated mixtures and the following exaiiple^^ 
illustrates tliis points 

^ P{O^Pr), J 

Fn-C-CH, — ^ Ph-C-OH + Tetralin^ > Tetralone 


Iferhaps the most well known examples involving carbonyl systeais 





? (OR) , 



O JW 


94 . 25 

are the Arbusov“" and the Perl'ow reactions s 




{r<D)«X-> H- ^ 

=— > (kO) ^ P-GH„-C-R 

O d, 


(i<0)^P 


O 0 

, . II f 

(RO ) 2 -P-CH 2 -C-R 
Arbusov reaction 


' 9 . rrj 


> {ROgP-O-C^ ^ {RO)2 -P-Ou.G^ 


R 


Perivow reaction 


Several variants of these transformations have appeared in 
recent years. 

Arbusov Type^ ^ 



Perltow Type 


27-30 


CiH 2 C. 



>3 X 



, , v\ H C O 

^ Vs 1 ' 


' 2^5 


X = H/ CH 3 , OCH 3 , Gl^ li 02 
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Beactions with Tetracyclone and Fluorenone 


TIigss systeias/ wM.cii can S!tal>i.Xxze tlie eJ-ectson axcass 
created by participation in the aromatic (4n4-2)?r frame worit# have 
been lately extensively studied. In the case of tetracyclone# 
much of the interest because of the possibility of formation, 
from the initially formed dipolar species, either by direct 





3 "i 3 P 

In the event the exjpected VT is produced quite readily and 

31 

IS transformed to the ?ynosphate ester VIII s 



Interestingly confound VIII undergoes thermal dimerization 
involving elimination of elements of triailtyl phosphates from 
intermediate VII through one of the phenyl rings to give 



04 


Direct slirairiation \^uld have yielded octaplieiivl. fulvaleiiei 


1 -A >C-PtOR) 
H-r ^?h 



m 'Hi Hi Hi 
In the case of fluorenone the corresponding dipolar 

species 2i undergoes dimerization to give olefin XI and also 
adds to fluorenone to give cyclic phosphorane XII which in turn 

3A oc 

can be transrorraed to spiix) system XIII i 



XIII 
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function* The most general features of .tMs reaction are outlined s 



O 
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Recent studies of this reaction involving disubstituted bsnailss 
have sho-wn a value of 1.36/ thus indicating/ as expected the 
creation of electron excess on the substrate in the transition 
state. 


A variety of 1/2-diltetones give the pentavalent oxyphos- 
phoranes s 



tvith triraethyl phospliite in a dif£-3fent fashion involving the 
fonaation of a C~? bond and leading to XVIIIs 



XVI.II 
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Siroilar C-P bond formulation was found to talr/a place v/ith 
l/2-diplienYlcyclobutene-l/2-dione to give jilX and Sis 



JJ p ■ ■** 

i I 


/il' 


4- 


^ t 






I *^0 

{0Ci-l3 ) 2 ^'p focz^ j 2 


XlZi 


Reactions mth 1/4-Dlketones 

ifitn 1, 4-dzcarbo.riyl coiapouncls the initially fomed dipolar 
jpicios yield syscsins of "che type iwCl involving intermolecular 






transfer? 



ileaction v/itn Acid Ils rivativamS 

One of the earliest exa.apln'^'^ in this 
reacts. on or pmitiiaiic anliyclride lea<3,ing to bi 


category is the 
phthalide involving 


tlie dipolar sxsecies ^DCCI? 








Tile highly stereospecific and practical Corey synthesis of 
olefins involves the fragmentation of dipolar species of tyx:>e 


XxII, generated frora l/3-oxalane-2-thiories/ which in turn 


are readily prepared frora the corresxDonding diols with thio— 


Ail 

phosgene ^ * 



A variety of olefines have been prexeared by this procedure and 

Xierhaps the raost illustrative of tliis is the s^mthesis of trans- 

1 ^ 45 

cyclooctenej 



Hovrever, the reaction can not 'oe used for the foivaation of 
, 4-7 

sigraa leonass 




89 


Diaroyi peroxides undergo loss of one oxygen to give the 
c o r re sponcii ng anny d ri cie s s 


g 

Ar - C 


-o 

1 


\n H \ 

2 ■' 5 '3 


G 

1 ! 

Air c C 

i 

..0 
“■r* 


AZ' ' 

i 

— 0 


Ar— 

G 

1 

Ar- 

c 

Q /f- 

U o ““ 

- P(0R).5 


1 

0, 

Ar ■- 

— c 0*^ 

b 


Ar 

^ 

Ar 

c 

■ J 

c 

Siniiiar 

patlwa^/ 

accounts 

for the f 

ragm^ 

1 actone 

I'QCIV to 

give -ur/. 

:Dr/i/ he' 

tane 


■•P{0R), 


ff 


\. 
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1 


R ^ 




Eh^P 






\ 




.P— P(&R), 



-9 

■O 


Fii' 


fi 

Q +. gti^=:C ^ 

«»fWx¥ 




Fi 


> CO, 


'■O'' 


OR 


pi 

I 

R — CrsaCH 




Diphenyl iiatene undergoes dimerisation to give orryohosphorane 

2QCm m-dch in turn is readily hydrolysed, to give, the ohospho-. 
.50 

Fh 


nate iCXVIIIs' 


Eh 


Eh 


-G— O 




m 



h . 

\ 

— Hi 


ZWll 






Ph 

Ph 


\ ..Ph 

J 


r 

_r« 

o' 

Ilia JL ^ 


fiX«5: 
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i'inaliy piitnaloyi CiiJ.oride by an intramolacular displacement 
reaction, gives tlia pliosolionate 
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II. C PRSSEMT VJORK 
ABSTRACT 

In connection with possible routes to the novel system^ 

/ jS -unsaturated nit rose, the trialkylphosphite deoxygenation 
of nitro compounds have been exaroined. Ji -Hitrostyrene reacts 
with trimethylphosphite in a highly exothermic manner to give 
phenyl acetyl dimethylphosiDhonate oxime. Triethyl and triso- 
propylphosiDhites also give similar products. Possible routes 
to the related nitroso cyclopropanes have been examined 
employing 2-nit ro-spiro {cyclopropane-1/ 9' -fluorene) and 
2-nit ro-3-x3henylspiro (cyclopropane-1/ 9'- fluorene) . Miilst 
the former on reaction v;ith triisoijropylphosphite gave cyano- 
methylene fluorenc/ the later yielded ^,he dimeric hydrocarbon 
1/ 4-bisf luor3nylidenG-2/ 3-diphenylbutane. Structures of these 
novel transformation products have been established by analy- 
tical/ synthetic and degradative procedures and their formation 
rationalized on basis ■ of model studies, ' ' 

Ebssible elactrocyclic reactions of the pentadiene 
anion systems created from cross conjugated dienones and 
'tri alley!" phosphites have'' been ^investigated with the .acyclic ; 
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dibensal acetone and tlie cyclic raethandienone , Dibenzal 
acetone gave as the sole isolable product the unusual double 
i'Jichael addition compound whose formation indicates the creation 
of the predicted pantadiene anion system. Remarkably the 
steroidal dienone with triethylphosphite at 145-150*^ underwent 
mere dehydration unaffecting the dienone system. 

Unlike cyclopentadienones where the cyclopentadienide 
system can be created vj-ith tri alley Iphosphites^ diphenyl cyclo- 
propenone on reaction with triisopropylphosphite at room tempe- 
rature gave no evidence for the anti- aromatic 46"" cyclopropene 
anion; instead isopropyl cC-pl^enyl cinnaraate was isolated as the 
exclusive product. 

The course of trialkylphosphite reactions with other 
substrates such as 3-bromophthalide are presented. 


RESULTS Al® DISCUSSION 


System oC/^-nnsaturatod nitroso has not been reported 
and work directed towards es^loration of routes to this novel 
system, started in 1969, is continuing. Results gathered thus 
far, clearly indicates the iiTiportance of contributing structure 
las' , 



V: / 

XM-O" 


1 
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An obvious route to 1 would be the controlled reduction 
of the easily available —unsaturated nitro-systems 






With this objective the reaction of j2) -nitrostyrene with tri- 
allqrlphosphites was exai-nined in some detail. In view of the 
tremendous information that is available relating to the reac- 
tions of diverse nitro functions^ x«;ith PiOR)^ (Section II, B), 
the nearly coiaplete lach of information pertaining to-^-nitro- 
styrene is indeed most surprising^ From review to review this 
reaction is cited as a personal communication from Tifeiinstocli:, 



P{OR)- 

^ HiCH^CH t 

3 6% 



In the present work the reaction of P(CCi-b)», P(CX: H ) 

' ' 3 3 2 5 3 

and P{OiC 2 H ^)3 has been examined in detail and the following 
summarizes fragments of information gathered from innumerable 
es^eriments. It was found that the reaction —— under nitrogen 
between one equivalent of 2 and 2 — 3 equivalents of P(OR)_ 
became extremely vigorous after an induction period. With 
10 m iiroles of ^ and 2-3 ml of PCoch^)^ after an Induction period 
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o 

of 5 roinutes/ tlie inside temperature rose within 0*5 min to 185 I 

Inf act, the temperature increase is so steep that the triallq?-!- 
phospliite vapours that are produced are not condensed J Indeed^ 
in preliminary experiraents when the reaction vessel was connected 
to a gas collection unit through a condenser/ the trialkii^l- 
phospliite vapours collected. Ihe exothermic reaction takes 
place even in presence of air as well as mth samples of PCoR)^ 
either freshly fractionated or that freshly distilled over 
sodium. In contrast/ when either the reaction mixture was 
cooled or stirring v;as dispensed with/ no reaction took place. 

All atteii^ts to define an alterante set of conditions for the 
reaction have not succe3d3d. 


The crude reaction mixture after removal of excess 
trialkylphosphite was found to be complex (TLC) . With tri- 
raethylphosphite after careful chromatography/ a crystalline 
confound was obtained to wiich structure 4 is givens 


H 


H 


t^3 


^ tf— OH 
d 


The. yield of 4 is 20% and structural assigiiment is based on 
analysis and physical data, 

* 4/ mp, 138-39^. : • . •: 

IRs (cm*"^)s 1220 {P=0) / 1037 (P-O-CHg) / 1000/ 

: . 925 and. 840, " ' ' 

NI'IRs ^(CDGl ) ' '^P-.O-CH ~ 11 HZ/ 6 ptotons)/ 3,7 (d/ 

^ 20 Hz/ 2 protons) and 7,4 (iti/ aromatic 

■ protpna)h“'' , ■■ 

MS g m/e - 243, 

TIiCs Single spot R^s 0,37 (Benzene s Ethyl acetate/ 50s50), 
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The possible alternate structures 5 and 6 are ruled out on 
basis of NI’IRs 


0=P. 


OCH^ 


-CCI-L 


Fn- 


T 


Vt 


-G 




3DH 


H 

KlCH^— 0 

— 0 — ^ 
^OCH^ 


Further / the non-transforraation to 2^4-DHP of plisnyl- 
acetaldeliyde as well as failure to form benzylcyanide on 
thermolysis are not in support of assignment 6. 

The benzyl -cyanide claimed earlier was confirmed 
by TLC. Attenpts to characterize the remaining products v;ere 
not fruitful. Reaction of 2 with triethylphosphite and triiso- 
propylphosphite under similar conditions gave pure (TLC) viscous 
fractions corresponding to 4, The experimental observations 
suggest, the 1st step in the -nitrostyrene-triraethylphosphite 
reaction is a thermal electron transfer to give intermediate J 
which then leads, by the exothermic process to adduct 8, A 
reasonable pathway for the S 4 change as well as to benzyl- 
cyanide is presented below! 





Preliminary attempts tb identify 7 toy esr have not succeeded* 
The reaction of cjG , j2> -un saturated nitro compounds leading to 
products related to 4 appears to toe general* Q -Mtrocomphene 
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V 7 as found to react with triethylphospliite under more vigorous 

condition to give a liquid product which is considered as 9 

53 

on basis of physical data. 




It is concluded that in the reaction of j, J3— unsaturated 
nitro corrpounds with tri alley Iphosphites, the major pathway 
discerned thus far does not involve the oC / —unsaturated 
nit rose system. 

In the deoxygenation reaction of nitro coropounds with 
triallsyl-phosphites, nitrenes are the final products and it 
is recognised that the nitroso intermediate could be detected 
only in those cases where possibilities for intramolecular 
changes involving this function exist (Section II. B), 

Such reasoning led to the novel nitroso cyclopropanes. 

In terms of reactivity these species were expected to behave 
either lilce cycloprc^nols# showing tremendous tendency for ring 
ropture involving the nitrogen lone pair (a) or like 
unsaturated nitroso compounds# again leading to ring rupture 
in a complementary fashion (b) * 
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The nitrocycloprpanes 10 and 11 were chosen since in these 
cases the tendency for the cyclopropane ring rupture through 
path {a) would be encouraged because of the fluorene system. 



nit ro ethylene^ ^ and the proposed structure confirmed by 
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physical data.* 

* mp 110-111° 

IR s (cm"^)s 1531 (HO^ asyrrio ) ? 1351 (liO« syra. ) , 

max A z 

jS 2.3 iq_, anti-proton), 2.97 (q, syn. proton), 

4,94 (q, t-proton) and 7,4 (m, aromatic protons), 

TLCs Single spot 0,66 (Benzene sSthyl acetate, 50s50), 



Reaction of v/ith fresMy distilled triisopropyl- 
phosphite under nitrogen gave after removal of excess reagent 
and chroiTiatography, as the sola isolable product, the crysta- 
lline nitrile in 40% yield. The structural assignment for 

icie 

12 is supported by spectral and analytical data as well as 
** mp 108-108° (lit.^^ 110°), 

IR : (cra”^) s 2203 (-CfN) and 1600 {-C^G), 

IuqX 

^ s 6,03 (s, oiefinic proton) and 7.58 (rn, aromatic 
protons) . 

TLCs Single s?oot 0,75 (sthyl acetate). 



by comparison with authentic sample prepared by H 2 SO^-.ACGH 

dehydration of alcohol 1^, resulting from fluorenone ~ CH^CW/JfeH, 

Parenthetically, several attempts to prepare from fluorenone 

56 

acetonitrile-sodium hydroxide in ether as reported failed. 

The formation of fulfils the expectations based on 
reactivity of nitroso cyclopropanes. The W ^ change must 
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involve the expected rupture of the intermediate nitroso cyclo- 
propane giving rise to the key isoxazoline intermediate 14 . 

The lj4 3^ change is unexceptional and proceeds via - 13 t 



Parenthetically/ the cyclopropane ring does enhance the reacti- 
vity of the nitro functions towards PCOR)^ since unactivated 
nitro confounds generally do not react with these reagents. 

2-Nitro-3-phenylspiro (cyclopropane-1/ 9'-fluorene) , 3^ 
on the other hand gave entirely different results,' 

' ' 57 '' ' ' 

Compound 11 was prepared from 9-diazofluorene and 
i3-nitro-styrene and the structural assignment- confirmed with 
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physical data.* 


* n mp 173-74° (lit.^^ 172 °). 


IR s {cm“^) s 1538 (MO 2 / asym) , 1359 (N02,sym). 

Mi-IRs ^ (CiX*! )* ‘^•68 J = 6 Hz? CH-Ph) , 5.42 (d, J = 6 Hz? 

^ CHHO 2 ), 6.15 (d, J = S Hz? Heavily shielded 

fluorenvl 0- croton ) and 7*4 (ni> aromatic protons) 


MS s m/e - 313 . 

TLCs Single spot R^s 0.70 (Benzene s Ethyl acetate, 50s50), 


The MiR spectrum of jU is noteworthy because of the 
presence of the doublet at 6.15 ppm (J = 8 Hz) due to heavily 
shielded aromatic proton. This unejspected development made it 
necessary to examine the HMR of several related systems. The 
results and their utility in defining the conformations of 
systems related to 11 are presented in appendix. 

Reaction of jj. with triisopropyl -phosphite under condi- 
tions of the ^ change gave as the sole isolable product 

a nitrogen free product which was subsequently identified as 
the dimeric hydrocarbon 15s 


P(iOPr)3^ 

2 

11 




15 
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The yield of _15 was 42/9 and to our knowledge this is the first 
example of complete removal of elements of nitro group with 
t rival ent phosphorous. Unexpectedly the structural elucidation 
of 33 was beset with unusual difficulties. The i®'-©. spectrum 
showed besides aromatic and olefinic protons the presence of 
a doublet of triplets centred around 5,1 in the ratio of 1*2 si 
equivalent to 2 protons. This fact combined with analytical 
results suggested dimeric structure 33 where in the benzylic 
protons are non-equivalent and a coincidence of chemical shift 
and coupling constant gives rise to the unusual triplet pattern. 
The latter assumption was verified by having the NMR recorded 
in a 250 Ivffiz instrument* As expected the enhanced chemical shift 

* 33 mp 230-231® 

IR s (cm“^) s 1639, 1592, I486 and 1435. 

KIlRs (60 MKz) s 5,1 (d,t, 2-benzilic protons) and 

^ 7,3 (m, aromatic protons), 

MHz) s 5,12 (J = 7 and 2 Hz) and 4.98 (J =« 7, 

^ and 2 Hz) . 

■ TIjCs Single spot 0.75 {Benzene : Ethyl acetate, 50*50), 

separation caused the benzilic protons to appear as a doublet of 
quartets. Interestingly the mass spectrum recorded at 260® 
exhibited only peaks corresponding to the monomeric unit. 

However, the molecular weight by osmometric method (540) was in 
good agreement with the dimeric structure (534), 
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Compound 23 readily consumed t-wo moles of liydrogen to 
give tetrahydro derivative 23. The structural assignment for 
16 is supported by spectral and analytical data. Interestingly 
unlike 15 the mass spectrum of 23 had the ejipected m/e peaJc at 538. 

Ozonolysis of 13 involving an oxidative work-up gave 
fluorenone and me so— di phenyl succinic acid 17. The structure 
of the ozonolysis product 21 confirmed by conparison witb 

authentic sample prepared^^ by hydrolysis of n^so-diphenyl 

5 9 

succinonitrile, which in turn was made starting from benzyl 
cyanide s 



16 
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With the confirmation of structure on basis of physical data 
and chemical degradation, efforts were made to discern the 
pathway by which the 3^ — ^ J3 change takes place. . It was conclu- 
ded that the key intermediate in this change is anion 18 arising 
from loss of elements of nitro group with concomitant ring 
rupture involving 198 



Anion 18 coud lead to 33 by three possible pathways! 
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€i0 6 1 

Consequently the conjugate acid of IB was prepared ' by the 
following sequence : 



Reaction of IB generated from ^ and RaH/DMF with either oxygen 
or v/ith U, gave no IB thereby excluding pathways a and b and 
making c as the most reasonable one* 

During one of the reactions involving ^ and triisopropyl 
phosphite after 75% reaction^ accidental water failure caused 
the solvents to evaporate thus resulting in the rise in the 
inside temperature by nearly 30*^ and making the isolation of 
the system from air defective, Wcrk-up involving chromatograply 
over silica gel gave as the sole isolable product# a colourless 
crystalline compound mp 76-78° -Mhich was subsequently identified 
as phthalide on basis of analytical data# M®.# IR# MS and finally 
by conparison with authentic sample i This unusual transformation 
probably involves fluorenylidine derivative 21 as the thermal 
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transformation product which undergoes ready hydrolysis in the 
column to give phthalide. It is reasonable to suppose that the 
fragmentation to monomeric unit observed during electron impact 
could take place also thermally. The further transformation of 
the resulting radical species, with oxygen can lead to 21 ; 



Tlie differences in the behaviour of and 11 can be analyzed 
in terras of IJ-O (path a) vs G-.H (path b) bond repture of 
common interniGdiate 22 s 




22 


The preference for path b vrf.th 11 must be due to possi- 
bility for enhanced stabilization of the resulting ion. 

As part of ancillary programme/ confound ^ was sought. 

It was hoped either ^ or its dihydro derivative M could undergo 
novel transannular reactions leading to 25_ and ^ respectively 
with tri alley 1 phosphites 



26 
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In the event hov/ever the attempted £4+23 addition of o-nitro- 
styrene mth cyclopentadiena gave a com|>lex mixture from which 
none of the ejqpected ^ could be isolated. The work discussed 
thus far was concerned with novel behaviour of nucleophilic 
centres on nitrogen that are created with P(0R)3, The following 
deals with creation of nucleophilic centres on carbon by reaction 
of selected carbonyl substrates with trial]<yl phosphites and 
the possible exploitation of these species, 

cross conjugated dienones readily yield the 4-electron 
pentadienyl cation 27 by acceptance of electrophiles on oxygen. 
The converse situation leading to pentadienyl anion ^ can arise 
by acceptance of the nucleophile,. PCOR)^, by the carbonyl oxygens 




P(OR) a-^^b 33"^ 
3 


In fact, work from tliis laboratory as well as from ..others have 
clearly shown that the circlopentadienide anion system can easily 


be produced by reaction of various P(III) compounds with 
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cyclopentadisnone derivatives 



28-32 



The anion 28 can be expected to undergo stereospecific thenaal 
dis-rotatory cydization leading to the enol phosphate 29 which 
on hydrolysis would yield ketone Parenthetically, the 

counterpart of 2^, namely TJy readily undergoes thermal con- 
rotatory cyclization to give cation M "well as photochemical 
dis-rotatory cyclization to give Triallcylphosphite 

induced cyclization of cross conjugated dienone was consequently 
expected to provide a complementary method to acid induced 
cyclizations s 
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The Icno-wn^^ stereospecific cyclization of anion intermediate 
32. to ^ further supports the envisaged electrocyclic trans- 
formations of crosssed conjugated dienones with triall^ylphosphites* 




The acyclic M and the cyclic 35 were chosen for reaction with 

P(0R)-s 

<5 



Dibenzal acetone M - readily available from acetone and benzal- 
dehyde - was expected to give eventually the cis- diphenyl- 
cyclopentanone 36 s 




37 
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In the event reaction of M with neat refluxing triisopropyl- 
phosphite gave as the sole isolahle product a colourless crysta- 
lline coitpound to which structure ^ is givens 




The yield of ^ is 32% and the structural assignn©nt is 
supported by IR# hTMB. and analysis.* 


* mp 128-29°. 


IR s 7> 




(KBr) 



(CDClg ) ® 


{cni'‘^)s 1724 (-C=0), 1250 (P=0) and 
992 (P-O-iPr). 

0,8 (d/ J = 6 Hz/ 6 protons, 1 isopropyl methyl), 
1,19, 1,2 (d, J = 6 Kz, 18 protons, 3 isopropyl 
methyls) , 


TLCs Single spot R^s 0,79 (Jfethanol), 


The formation of ^ must be considered unusual because 
trialliyl phosphites normally do not form C-P bond. Consequently 
it is felt that 38 arises from the eaqsected anion 37 by iniqra- 
tion of the phosphorous moiety from oxygen to carbons 
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The formation of pentavalent phosphorous compounds related to 
39 and ^ f rom ^ -unsaturated carbonyl compound and PiOR)^ 
have already been reported.®^ Indeed results from the cyclic 
dienone ^ and triethylphosphite^ where the envisaged oxygen 
to carbon m|.gration is sterically impossible# supports these 
conclusions. Reaction of ^ with sodium dried triethylphosphite 
under conditions of M — ^ ^ change merely gave olefin by 

I 

process apparently not affecting the dienone system* It is 
more probable that the expected anion ^ was produced in an 
equilibrium reaction, but since the oxygen to carbon migration 
of the phosphorous moiety is sterically not possible the 
crossi conjugated dienone system was not consumed. In any 
event it is clear that even in the stereochemically favoured 
35 fthe cross - conjugated dienone system shows no tendency 
for cyclization in presence of triall<yl phosphites. The 
structure of 41 was established analytical and spectral 
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data* and its formation can be readily accounted s 



* 41, mp lao-ai*^. 

(cm“^) s 1658 {-C=0) . 

moix 

jS 7,2 (d, J = 7 Hs, ^-dierione proton ), 

6*25 <ia, gi(^-dienoiie protons) and 4,7 {broad, 
o.lafinic proton. ) . 

TLCs Single spot R^s 0,56 (Benzene :Ethyl acetate 50*50) . 


The normal carbonyl PCORjj interaction leading to carbon 
bases is not expected ■vdiere anti-aromatic systems are involved 
as exemplified with diphenyl cyclopropenone (43) * 


NMRs ^ 


(GDCl. 
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Compound ^ was prepared from dibsnzyl ketone toy sequence 
involving halogenation and dehydrolialogenation.^^ Reaction 
of ^ with triisopropylphospMte, fresly distilled over sodium 
and under nitrogen^ was conplete in 20 hour (TLC) . Work-up 
involving removal of solvent and chromatography gave as the sole 
isolable product isopropyl oC-phenyl cinnamate 44 : 



P(0iPr)3 
20 hr, RT 




■> 

H- 



Parenthetically TLC indicated that conpound was present even 
in the crude reaction mixture before work-up. The yield of M 
is 35% and its structure was established by analytical and 
spectral data.* 


* 72-73°. 


IR # 


m s 

TLCs 


(cra*"^)? 1695 (-C=0) . 

max 

jS 1,3 (d, J - 6 Hz, 6 protons, i-Pr) , 

5,3 (heptet, 1 proton), 7,3 {m, 10 aromatic 
protons) and 8.0 (s, olef ini c proton), 
ra/e - 266, 

Single spot f^s 0,68 (Benzene sEthyl acetate, 50s50), 


(CDCl. 
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Blank experiments clearly ruled out the possibility of 
formation of ^ by trivial process involving the opening of 
43 with isopropanol. The formation of M can be readily 
rationalized : 




This sequence is in many ways similar to that envisaged for 
the ^ > 44 transforraation with followed by 

Thus far,tri alley Iphosichite induced transformations were discussed 
on a mechanistic basis. In the course of this work few experi- 
ments were also carried out with a view of discovering reactions 
having preparative potential, 

■ Synthon 45# vhich could transfer elements of phthalide 
unit to carbonyl substrate was sought f rom S-bromophthalide i 
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^sn 3--bjcornoplitlia.li<3.e and fceslily distilled triisopropyl— 
Phosphite in dry benzene was left stirred for 36 hr/ a white 


*^^stalline compound precipitated which was subsequently 
identified as The yield of was 16% and structure is 

foased on analytical and spectral data,* The formation of ^ 
s rationalized on basis of a combiried PsrJcbw—Arbusov- 


pathway : 



TLCs 
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Examination of the benzene filtrate gave no additional 


products. Reaction of 3~bromcphthalide in refluxing triisopxo- 
pylphosphite gave small amounts of a ciystalline yellow material, 
mp 281-282°, T’diich has not been fully characterized. Subsequent 
to coirpletion of this worit, synthon £7 closely related to 45 ' 

fifi " 

has been prepared"” and as expected 47 is a good phthalide 
transfer reagent. 
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Finally the reaction of tri alkyl phosphite with diverse 
cyclopropane carhoxaldehydes and comphorquinone have been 
examined? however* the transformations were found to be co«5)lex 
and pure products could not be isolated. 


















9-. O' 

o- 

'O. ‘ -'O 

o 

o 

o. 

OO 

. ; as ■ ' <r. 

' OnJ ' 




^duD|V!ul)Supjx 



















133 


II. E EXESRIItfjEI'TTAL 
general 

Melting points were taken on a Pisher-John melting point 
apparatus and are nnoorrected. Infrared spectra were recorded 
either on a lterkin-Slmer-700 or Iterkin 31mer-137 or Perkin 
Slmer-521 spectrophotometer. Nuclear magnetic resonance (KMR) 
spectra were determined with CDCI 3 solution on a Varlan A-60 ' 
speotromater using T* as internal standard. 

Silica gel a (Stahl) with calcium sulfate hinder was 
used for thin layer chromatography (TLC) . column chromatography 
was performed either with silica gel (BM) or with alumina, 
columns being made from its slurry m petroleum ether (Ip 40-60°) 

fr eparation of I’ili s oproDvlnhosnhi<-,^ 

To a stirred and ioe-oooled solution of ajosolute Isopropa- 
nol (90 g, 116 na, 1.5 mol) and freshly distilled iJ, Il-dlmathyl_ 
aniline (181.5 g, 183 ml, 1.5 mol) in dry petroleum ether 
(hp 40-60°, 500 ml) vras added in drops, over 0.5 hour a solution 
Of phosphorous trichlonae (68.75 g, 44 ml.O.S mol) in dry - 

petroleum ether (bp 40-60°, 200 ml). The reaction ml^rture was 

then reflUKed gently for one hour without stirring and the 
suspension containing dlmethylamlne hydrochloride was cooled 
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filtered, the cake of the amine salt well compressed and washed 
v/ith dry petroleum ether (bp 40-60^, 5 x 50 ml). The filtrate 
and washings were combined, concentrated by distillation on a 
water bath and distilled, bp 64-65*^/8-10 mra (lit.^^ 60-6l°/10rara 

yield 66.2 g (63%). 



To an ice-salt cooled and stirred mixture of distilled 
nitromethane (61 g, 1 mol), freshly distilled benzaldehyde 
(106 g, 1 mol) and AR methanol (170 ml) was added in drops- 
maintaining the inside temperature at 10-15° — a solution of 
sodium hydroxide in water (35 g, 85 ml, 0,875 mol) over a period 
of 0.5 hour. After additional 0,25 hour, the pasty mass was 
converted to a clear solution by the addition of 500 ml of iced 
water and poured into dil. hydrochloric acid (made by diluting 
170 ml of cone, hydrochloric acid with 250 ml of water) as a 
thin stream. A pale yellow crystalline mass separated immediately. 
The reaction mixture was filtered, washed with water until free 
from chloride, melted in a beaker immersed in hot water, the 
lower layer of nitro styrene frozen ly cooling and the crude 
product crystallized from hot 95% alcoholi yield 94 g (75%) , 
mp 57-58° (lit.®® 57-58°). 

IRS ^^(KBr) (cm“^)s 1613, 1495 (HO^ asym,), 

^ 1337 (NO^ syra.T. 
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Reaction of ^ -Mitrostyrene mth Trimethylpliosphite s Isolation 
of ghenyl acetyi <aimeth'ylpWsplionat'e~ oxime (4) 

Under nitrogen to a stirred, freshly distilled trimethyl 
phosphite (2.3 ml) was added![?r -nitrostyrene (1.49 g, 0,01 mol). 
VEtliin 5 minutes the reaction became exothermic and the inside 
tanperature rose to 185^. The resulting red mixture was further 
stirred for 10 hr, solvents distilled off (135--145°/8-.10 mm) and 
the residue chromatograxched on silica gel. Elution with ethyl- 
acetate/methanol (50*50) gave a solid which was crystallizad 
from hot benzene to give 0.48 g (20%) of 4,rtp 138-39®, 


anal . Calcd for Ps C, 49.38? H, 5,76? N, 5.76. 

Found! C, 49.18; H, 5.67? W, 5.58. 


(cm"^) 8 1220 {P«0), 1037 (P-O-GH,), 1000, 

XTiOX <3 

925 and 840, 

i 

Ms b (Q-QQl )* ^P-O-CH ® ® protons), 

3 ^ 3 

3,7 (d, ^ protons) and 7,4 (m, aromatic protons), 


mi ra/e - 243. 

TLCs Single spot R^* 0.37 (Benzene sSthyl acetate, 50*50), 


Preparation of 2-Mitrospiro (cvclopropane-l,9'-fluorene) (10) 

(i) 2-Hitroethanol To a stirred suspension of para- 
formaldehyde (25 g, 0,83 mol) and freshly distilled nitromethane 
(50 ml) was added in drops 3N methanolic potassium hydroxide 
until the pH was 8 (^2 mi, 10 rain) , T^ mixture 

became clear in 0,25 hr. After 1 hr additional stirring the 
reaction mixture was neutralized with 0,2 ml of con. H^SO^, 
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stirred for another hr and the resulting potassium sulphate precipi- 
tate filtered and esccess nitromethane was freed from filtrate 
at* 40-50° at aspirator vacuum., The golden yellow residue 
(/V 460 g) was roixed vath an equal v/eight of diphenyl ether and 
distilled to give pure 2-nit ro ethanol, bp 80°/2-3 mm 
(lito®® 64-66^/0o4 mm), yield 35 g (46%). 

IRs l) (neat {cm“^) s 3300 (OH), 2890, 1520 asym. ) , 

1345 (no^ sym, ) end 1060, 

55 

(ii) I:at:roethylene s 2-M.troetlianol (10 g. Go 01 mol) and 

resubliraed phthalic anhydride (18 g, 0,1225 mol) was mixed in a 
distillation axoparatus equipped mth a short fractionating 
column and heated using an oil bath. The apparatus was evacuated 
to SO mm and teimperature maintained at 140-50° until it was 
hamogeneous. Tlie bath temperature was increased and held at 

175-00° until distillation ceased. The distillate was dried 

55 

over anhydrous CaCl^ and redistilled to give 5.2 g (65%, lit, 

5.5 g) of pale yellow lachrymatory oil, bp 39-40°/80 ram, 

(iii) 2~Hitrospiro (cyGloprQpane-1,9 *-fluorene) s A solution 
of nitroethylene (2,85 g, 0,04 mol) in sodium dried benzene (25 ml) 
was added in 0.75 hr to a stirred solution of 9-diazofluorene 
(7,5 g, 0,04 mol) in dry benzene (75 ml). After 2 minute 
induction period nitrogen evolution started and the expected 
volume of nitrogen was collected rapidly. Solvents were removed 
undor reduced pressure at 45-50°, the resulting cake powdered and 
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dried in vacuum. Crystallization from benzene gave 9,0 g (97%) 
of 10, rnp 110-111°. 


Aiials Calcd for C_H_K0_3 C, 75,93? H, 4.67? 13 , 5.90. 
*“ JlO li d 

Pound C, 76,02? H, 4,65? 13, 5.82, 


IHs (cm"-*-) s 1531 (NO^ asym, ) , 1351 (H02 sym. ) . 

t: 

MiRs 0 j s 2,3 (q, anti proton), 2,97 (q, syn. proton) 

” 3 ' 

4,94 (q, t-proton) and 7,4 (m, aromatic protons). 


TLCs Single spot R^s 0,66 (Benzene sPthyl acetate, 50*50) 


Reaction of 2-nitros-oiro (cyclooropane-1,9 ‘-fluorene) with 
Triisopropylphosphites Isolation of Q~ 7 anomethylene fluorene ( 12 ) 

Under nitrogen a solution of (1,5 g, 0,006 mol) in 
freshly distilled triisopropylphosphita (5 ml) was heated at 
160-65° for 32 hr. Solvents were removed under reduced pressure 
aiid the residiie chromatographed over silica gel. Elution with 
benzene/hexane (80s20) gave 0,45 g of the crude nitrile which 


on crystallization from benzene/hexane gave 0.42 g (35%) of pure 
12 , mp 108-109°, This mp was not depressed on admixture with 
authentic sanplQ 108-109° (lit,^® 110°) whose preparation 

is described belo^^. 


Anal s Calcd for C^gHgiis C, 88,6? H, 4,43? N, 6.89, 
Founds C, 88,35? H, 4,66? N, 6.63, 

IRg l>jg^(KBr) (cm"^) 2203 (C=K) and 1600 (G=C). 

i®'1R8 Wi,)= 6.08 (s, olefinic proton) and 7.58 (ni, 

' ' 3 

aromatic protons), , 

rixcg Single spot, R^s 0,75 (Ethyl acetate). 
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Preparation of Authentic Cyanometh.vlene Fluorene ( 12 ) s 

(i) 9-.Cy anometliyl-g-hydroxy fluorene g To a stirred 
suspension of Hali (1,8 g, 0,07 mol) in dry acetonitrile (1 ml) 
ar).d dry ether (3-4 ml) was added coutiously fluorenone (1.8 g, 
0,01 mol) over a period of 0,25 hr. The suspension was held 
at room temperature for 20 hr. After the reaction was complete 
(TLG) , about 20 ml of AR methanol was added followed by 3N H^SO^ 
(25 ml), Tlie mi3cture v/as, extracted with methylene chloride, 
the organic layer washed successively with water, sodium 
bicarbonate, water, dried (i'4gS0^) and solvents evaporated to 
give a yallov/ residue rap 104-106°, which on repeated crystalli- 
zation from loenzeneAiexane gave 0.41 g (IS^a) of the nitrile 
alcohol, mp 109-110° (lit,^^ mp 110°), 

Anal. Calcd for C, 81,49? H, 4.93? H, 6.33, 

Founds G, Slo32? H, 4.86? U, 6.21, 

(cm”^) s 3413 (OH), 2242 (CrlJ) , 1449, 1361, 

1075, 771 and 744. 

(ii) Preparation of C^/anomethylene Fluorene (12?^ To a 
stirred suspension of the nitrile alcohol (0,1 g, 0,0005 mol) in 
glacial acetic acid (1 ml) v/as added cone, H 2 SO^ (2-3 drops) . 

The resulting mixture was stirred at room tenperature for 4 hr 
and extracted mth methylene chloride. The organic layer was 
washed successively wath water, sodium bicarbonate^ dried (^:gso^) 
and solvents evaporated. The residue (n]p 93-94°) was chromato- 
graphed over silica gel. Elution h.rith benzene/hexane (50s50) gave 
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nearly pure nitrile (TLG) , Crystallization from benzene/hexane 
gave 0.046 g (50/i) of mp 10S-.109° (lit.^^ mp 110°). 

Anal s Calcd for C, 88,66? H, 4.43? N, 6.89. 

Founds C, 88.40? H, 4,29? I'l^ 6.75. 

IRs i) (KBr) (cm"^) s 2205 (CSN) , 1600 (C=C). 


Reaction of 9--Diazofluorene with trans- ~ Hi t ro s ty rene s 
Isolation of 2--Mtro-3~pbenylspiro (cyclopropane-- 1/ 9 *--fluorene (11 ) 

A solution of 9-diazofluorene (3 g/ 0.015 mol) and 
trans- 1^- nit ro sty rene (2 g.- 0.013 mol) in dry benzene (100 ml) 
was refluxed for 8 hr. The reaction mixture was freed of 
solvents under reduced pressure and the crude product crysta- 
llized from benzene? yield 3.2 g (65%), mp 173-74° (lit,^^ mp 172°). 

IRs iy (KBr) {cm“^) s 1538 (KO^, asym, ) and 
max 2 


1359 {N0„, 


sym. ) 


ISII4Rg ^(CDCI ) ® J = 6 Hz, CH-Rh), 5.42 (d, J = 6 

CHNO^), 6.15 (d, J = 8 Hz, Hea\’'ily shielded fluorenyl 8 proton) 
and 7.4 (m, aromatic protons). 


Hz, 


i^iSs ra/e - 313. 

TLCs Single spot R^s 0,70 (Benzene SiSthyl acetate, 50s50), 

(A) Reaction of 2 -Hitro- 3 -phenvlspiro (cvclopropane-l,9*-fluorene) 
with Trii sopropyl phosphite s Isolation of l,4-.Bis£luorenyli- 
dine-2,3-diphen'yl Butane (15) 

Under dry nitrogen a mixture of jJL (2,5 g, 0*0025 mol) 

and freshly distilled triisopropylphosphite (12 ml) was heated 

at 145-55° for 24 hr. After the reaction was coit^jlete (TLCi), 
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solvents were removed under vacuum {60-62°/4-5 mm) ^tiie residue 
triturated Isrith petroleum ether (bp 40-60°, 25-30 ml) and filteredo 
The pale yellow hydrocarbon {mp 205-208°) v/as crystallized from 
benzene to give pure 13, iip 230-231°, yield, 0.834 g (39%). 


H, 5. 


Anal. Calcd for G, 94.3? H, 5.7. Founds C, 94.57? 


N 1 

^ ° and 1435. 


NivjRi 


^(CDCl ) i^z) s 5.1 (d,t, 2-benzilic protons) and 

7.3, (ra, aromatic protons) (250 M Hz) s 5.12 (J=7 and 2 Hs) and 
4,98 (J=7 and 2 Hz). 

x4Ss ra/e - 267, 

.^icloWt, (Osmometric) - 54C, 

TLCs Single spot R^s 0,75 (Benzene s Sthyl acetate, 50s50). 


(B) Reaction of 2-Hitro-3-phenvlspiro (cvclopropanp-l, 9 *-fluorane) 
with T ri i s opropylphosphite a Isolation of £hthalide 

Under dry nitrogen a solution of 3d. (2.0 g, 0,002 mol) 

in freshly distilled tri is opropylphosphite (10 ml) was heated 

at 145-155° for 24 hr, ,^Gidental water failure after 16 hr 

residue 

caused the blowing off of solvents by the nitrogen stream. The / 
on chromatography over silica gel gave on elution with benzene/ 
hexane (50s50) a crystalline solid rap 76-78°, yield 0.55 g (60%) 
identified as phthalide by cort^oarison with authentic sanple. 

Catalytic Hydrogenation of l,4-bis-.Fluorenvlidine-2,3-diphenvl- 
butane ( 15) : Isolation of 1, 4-bis-Fluorenvl-2, 3-diphenylbutane 

Tlie hydrocarbon jS (0,2 g, 0.0004 mol) was hydrogenated in 

dry THF (120 ml) in presence of 0.025 g of 10% Pd-C in a Parr 
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hydrogenation apparatus for 13 hr at 40 Ibo pressure. Solvents 


were removed and the residue was chromatographed over silica gel. 


i:^lution with benzene gave 0.092 g of which was crystallized 

o 

from benzene to give 0,077 g 'SS'/i) of pure product, mp 250-251 . 


i'toal. Calcd for C 


42''"34 


93.66? H/ 6o34. Founds C, 93.33? 


H. 6.47. 


IRS b (3CBr) s 1587, 1471, 1430 and 732. 

ISlMRs )° {complex multiplet) , and 7.2 (m, 

aromatic protons). 


* 1 \ 


I^s m/e - 538. 


Ozonolysis of 15 Involving Oxidative work-up s Isolation of 
Fluorenone and meso-2/3-Diphenvlsuccinic Acid (17 ) 

A solution of 1_5 in dry methylene chloride (0.2 g, 

o 

0.0004 mol, 12 ml) was treated with excess ozone atA>*-50 
during 1.5 hr. Tlrie reaction mixture was left stirred at 0° for 
one hr and then added to 15 mi of 30% hydrogen peroxide. The 
iTiixture vras refluxed at 80° for 2 hr, cooled, made basic by 
addition of sodium carbonate and extracted vri-th methylene chloride. 
The organic layer was successively washed with water, sodium 
bicarbonate, water, dried (J-%SO^)and evaporated. The residue 
was chromatographed over silica gel. Elution with benzene/ethyl-. 
acetate (50850) gave 0.081 g (60%) of fluorenone, mp 82-83°. 

This Jtp was not depressed on admixture mth authentic sample? 
further the 2,4-dinitrophenyihydrazone of degradation product 
was identical (IR) with that pf authentic fluorenone 2,4-dinitro- 

pheny Ihy d roz one . 
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The aqueous layer on continuous eirtraction with methylene 
chloride for 36 hr gave 0.02 g (20%) of a compound, mp 231-233° 
whicii was identified as meso - 2 /3-diphenyl succinic acid on basis 
of IR/ TLC and mp comparison with an authentic sample \Aiose 
prexoaration is described below. 

Preparation of meso-2, 3-DiphenylsuGcinic Acid 

(i) Benzyl cyanide s ‘ To a warm solution of powdered 

sodium cyanide in water (25 g, 25 rnl) was added gradually over 
0,5 hr, a solution of benzyl chloride in ethanol (45,4 ml, 50 ml). 
The mixture was heated on a water bath for 4 hr, cooled and the 
precipitated sodium chloride filtered. The filtrate \^as concen- 
trated on a water bath and the residual liquid talcen in a 
separatory funnel/ the layers separated, the organic layer dried 
(%S0^^) and distilled bp 100-102°/10 mm (lit.^*^ bp 102-103°/10 mm) 
to give 38 g {95%) of benzyl cyanide, 

IRs (C=H) , 

mGso - 2, 3-Diphenylsuccinonitrile A stirred warm 
solution of sodium cyanide in water (15.25 g, 0,3 mol, 25 ml) was 
diluted with methanol (100 ml) and the mixture heated to gentle 
reflux, Benzylcyanide (12,5 g, 0,1 m.bi)was added all atonce, 
followed by^in drops, over 0,75 hr, a solution of benzaldehyde 
(13.25 g, 0,125 itiol) and benzylcyanide (7,5 g, 0,06 mol). The 
reaction mixture was stirred at gentle reflux for additional 
0,5 hr, cooled, the nitrile collected, washed successively with 
40 ml portions of 75% aqueous methanol, water, 75% aqueous 
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methanol, ether and dried over night. Crystallisation from 
glacial acetic acid followed by washing mth 75% methanol, water 
and ether gave 19 g (65%) of pure meso~ 2,3-diphenylsuccinonitrile, 
mp 232-234° (lit.^^ mp 238-239°) , 

IRS (cm”^) s 2237 (CSH) , 1504, 1464 and 756. 

c; Q 

(iii) raeso - 2, 3-.Diphenvlsuccinic Acid s"^ A suspension of 
meso-2,3-diphsnylsuccinonitrile {li,? g, 0,05 mol) in a mixture 
of cone, sulphuric acid (33,3 ml), water (33.3 ml) and glacial 
acetic acid (16»6 ml) was refluxed for 11 hr. The resulting 
grey suspension v;as diluted with water, filtered and crystallized 
from acetic acid to give 7,26 g (54%) of meso-2, 3-diphenyl- 
succinic acid (JJ) , mp 222-223° (lit.^^ np 220°), 

IRs l) (KBr) {cm“^)s 3000-2500 (broad), 1709 (C=0) , 

luciX 

1393 and 735 <, 

Attempted Characterization of 15 by Degradation 

(1) By Oxidation vath CrO^/Bther 

To a stirred solution of 13 (0,01 g, 0,00002 mol) in ether 
(8 ml) was added 0.1 g of chi'omum trioxide in water (2 ml), Kb 
reaction could be observed, (TLCl ) , 

(2) By Oxidation with Potassium Permanganate 

A mixture of 13 (0,134 g, 0,00025 mol), potassium 
permanganate (0,237 g, 0,0015 mol) in acetone (30 ml), acetic 
acid (0.5 ml) and water (3 ml) was left stirred at room ten^ierature 
fof 2 hr. Ho pure products could be obtained bn worlc-up. 
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3 . Ozonolysis folloy/ed by Reductive Work-up 

A solution of 23 (Od g, 0.0002 mol) in dry methylene 
chloride (10 ml) and pyiridine (Od nil) vras treated with excess 
ozone atA^-50'^ for 0,5 hr. The reaction mixture was allowed to 
attain 0 ° , treated with zinc dust (0.146 g/ 0.002 mol) and 
glacial acid acid (1,5 ml) and then left stirred at 0° for 2 hr, 
filtered/ the filtrate diluted with water and extracted with 
methylene cliloride. The organic layer was washed successively 
with sodium bicarbonate/ water/ dried (MgSO^) and evaporated 
to give small amounts (0.023 g) of solid/ mp 143-150°. Atterapted 
characterization of this material was not successful. 


^■^max^™^^ (cm"^) 3 1433/ 1188/ 1036 and 738. 


Preparation of 9- ( |3> -phenyl ethylidiene) fluorene (20 ) 

(i) Shenyl acetyl dliloride s Phenyl acetic acid (25 g/ 
0.175 mol) was heated at 35-40° with thionyl chloride (23 g/ 

0.2 mol) for 25 hr. Success of thionyl chloride was reraovod 

at ordinar],!' pressure and the acid chloride distilled, 
bp 120°/6-8 mm (lit.'^^ bp 55-57°/l mra) , yield 18 g (64%), 

(ii) 9- ( |i>' — phenyl acetyl ) fluorene To a stirred mixture 
of fluorene (10 g, 0,06 mol) and carbon disulphide (70 ml) was 


added phenyl acetyl chloride (8 ml) followed by anhydrous Al^l, 
(15 g, 0,11 mol) in small portions over a period of 0.5 hr. 

The mixture was left stirred at room temperature : for 24 hr, 
poured onto crushed ice containing 20 ml of cone. HCi, filtered, 
washed 'With water, dried and crystallized from alcohol/benzene 
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to give 7e30 g (43%) of the ketone/ inp 152-154° (lit,^° mp 155°) 
’^^^„(KBr) (cm"^)? 1681 (C=0) . 

Hia.X 

TLCs Single spot R^g 0„66 (Benzene sSthyl acetate/ 50250). 

(iii) iqO - (9-fluorenyl ) - -phenyl Bthanol s A solution of 
the ketone (2 gt 0.006 raol) in THF (15 ml) was introduced in 
drops over 0,5 hr into a stirred suspension of lithium aluminium 
hydride (1 g) in dry THF (20 ml). After additional 3 hr stirring 
the reaction mixture was refluxed for 2 hr, solvents removed 
under reduced pressure, the residue treated with sulphuric acid 
(6 N/ 25 ml) and extracted with ether (150 ml). The organic layer 
was washed successively with water/ sodium bicarbonate, water, 
dried (f-i^SO^) and evaporated. The residue was chromatographed 
over silica gel, iClution with benzene/hexane (50s50) gave alcohol 
xvhich on crystallization from a mijcturo of benzene/alcohol gave 
0.896 g (45%) of pure iDroduct, mp 138-140°. 

(am"^) g 3344 (OH), 1053, 775 and 735, 

9 - ( l^-phenyl ethylidine) fluoreae g^^ To a stirred 
clear solution of the alcohol (0,2 g, 0.0007 mol) in glacial 
acetic acid (2 ml) was added 15 drops of cone, H^SO., . The 
resulting suspension was stirred at room terriperature for 4 hr, 
diluted with w'ater and extracted with ether. The organic layer 
washed successively with water, sodium bicarbonate, dried 
(l^SO^) and evaporated. The residual pale yellow compound on 
crystallization from benzene gave Q* 148 g (78%) of 20, 

It®) 103-104° .(lit.®^/ Kp 104-106°).^ 
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i).., (cm“^) s 2900, 1587, 1493, 1445, 774 and 735. 

TLGs Single spot il^s 0,76 (Benzenes Ethyl acetate, 50 sSO) . 

Reaction of 9- ( fi -phenyl ethylidlne) fluorene with Triisopropyl ~ 
phosphite 

Under nitrogen atmosphere a solution of 20 (0,05 g, 

0,0002 raol) in freshly distilled triisopropylphosphite (1 ml) 
refluxed for 24 hr. Wor]c~up gave unchanged starting material. 

Attempted Dimerization of 20 v/ith Sodium Hyd ride/ Oxygen 

A mixture of 2^ (0,052 g, 0,0002 mol) and sodium hydride 
(0,01 g, 0,0005 mol) in dry Di’lF (2 ml) was heated at 170-180° 
for 6 hr in presence of oxygen. The reaction mixture was added 
to water (20 ml), extracted with methylene chloride, the organic 
layer washed with water and dried (i%S0^), TLC showed no dimer. 

Reaction of 2-Nitro-3-phenvlspiro (cyclopropane-l, 9 * -fluorene) 
with the Carbanion Generated from 9- ( -phenyl ethylidine) 
fluorene ( 18 ) 

9- ( |3 -phenyl ethylidine) fluorene (13 ) (0,026 g, 0.0001 mol) 

was treated with a suspension of sodium hydride (0.02 g, 0«0001mol)i 
in dry DMF (2 ml). After 0,5 hr, (0,03 g, CuOOOi mol) was 
added to the stirred mixture. The resulting suspension was 
heated at 165-170° for 4 hr, cooled, diluted v/ith water and 
extracted vith methylene chloride. The organic layer was washed 
with water and dried (MgSo^) , TLC showed no dimer. 
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Preparation of o- Mit rosty rene 

12 

o- t roc i nnarrial dehy de g ' To an ice-salt cooled 
mixture of freshly distilled cinnaraaldehyde (55.5 g, 50 ral/ 

0.42 ruol) in acetic anhydride (225 rol) v/as added/ maintaining 
the inside taraperaturo belois.)- 5’^/ cone, nitric acid (d/ 1.42, 

IS rol) in glacial acetic acid (50 rol) over a period of 3 hr. 

The reaction isdxture was set aside for 2 days, treated cautiously 
with dil, hydrochloric acid (20%) and cooled in ice. The light 
yellov? needles of o-nitrocinnaixtaidehyde vrere collected, dried, 
Cr3,7stallization from 95/o alcohol gave 32 g (43%) of pure material, 
mp 126-127° dit."^'' mp 126-127°). 

73 

(ii) o- MtrocinnaTnic acid s A mixture of onitro- 

cinnamaldehyde (11,0 g, 0.06 mol), hydrogen x^o^roxide (30%, 20 ml) 

and glacial acetic acid (75 ml) was heated on a steam bath for 

% 

50 minutes. The reaction roixture w^as then cooled and the solid 

was collected, i:^3crystalllsation from aqueous acetic acid gave 

o 73 

7,0 g (SS/o) of o-nitrocinnarrdc acid, mp 243-245^^ (lit, 
mp 244-246'^), 

.tK.g (2<Br) (crn“^) s 1709 (0=0), 1527 (KO,, asym. ), 

lUaX 'A ■ 

1346 sym, ) , 983, end 760. 

(iii) Decarbox^/lation of o- Hitrocinnamic acid — 

Preparation of o- Mt rosty rene s An intimate mixture of o-nitro- : 
cinnamic acid (5,5 g, 0,028 mol), freshly distilled quinoline 
(10 ml) and copper powder (0,35 g, 0,005 mol) was heated at 
180-185° for 6 hr. The reaction mixture was cooled, neutralized 
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with dil, hydroclilorlc acicl (31h 40 rnl) and steam distilled to 
give 0,75 g {18%) of o-nitrostyrene„ 

IRs (neat) s 1690, 1570 {K0„, asym, ) , 1310 {NO_, 33 ^. 1 ) 

max 2 2 

and 1005 o 

Reaction of o- FJitrostyrene v/ith Cyclopentadiene s Attempted 
Isolation of Bicyclo (2, 2, l)hept--2 (o- nitrophenyl) - 5 ~ene 

To an ice-cooled stirred o-nitrostyrene (0,7 g, 0,005 mol) 

was added freshly cracked cyclopentadiene (0,5 g, 0,0075 mol) 

and the reaction mixture was left stirred for 1 hr. Ko reaction 

(TLC) . The reaction mixture was further heated to 45° for 

additional 1 hr. Ho further change (TLC) . 

lA 

Preparation of Dibenzal acetone 

To a stirred and ice cooled (15-20°) solution of aqueous 
sodium hydroxide (25 g, 0.625 mol, 200 inl) and alcohol (200 ml) 
was added a mixture of freshly distilled benzaldehyde (26.5 g, 

0,25 moi, 25,5 ml) and AR acetone (7„3 g, 0,13 mol, 9,3 ml). In 
^he beginning one half of the mixture was added over a period of 
2-3 minutes, A floculent pre-cipitate formed after 0,25 hr. The 
remainder of the mixture was added gradually and stirring was 
continued for additional 0,5 hr. The precipitated solid was 
filtered, washed with cold water and dried. The crude dibenzal- 
acetone (25 g) x\ras crystallized from ethyl acetate to give 22.5 g 
{1S%) of pure 34 / mp 111-112° (lit.'^^.mp 112°). 

IRs (KBr) (ckT^) s 1653 (C= 0 ) , 1587/ 1342/ 1195 and 935. 

max ■ . ■ ■ 
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Under nitrogen a stirred solution of dibenzal acetone 
(2*38 g, 0,01 mol) in distilled triisopropylphdsphite (10 ml) 
was refluxed at 150-160° for 15-16 hr and then left aside at 
room ten^erature for a week. The crystalline solid that gradually 
settled was collected and crystallized from hexane to give 1,82 g 
{325i) of 3^, rap 128-29°. 


Anal , Calcd for 61* 5* H# 7,77, 

Pound* C, 61.23? H, 7,59. 

IR» X^„„„(KBr) (cmT^) * 1724 (C=0) , 1250 (P=*0) and 
992 (P-OiPr). 


^(0=013 )> O’® 

methyl), 1,19, 1,2 (d, J = 


(d, J » 6 Hz, 6 protons, 1-isopropyl- 
6 Hz, 18 protons, 3 -isopropyl methyls). 


TLC* Single spot R^* 0,79 (methanol). 

Solvents were removed from the filtrate and the residue 
chromatographed over silica gel. Ho further pure products could 
be isolated. 


Methandienone * 161-162°) was kindly supplied by 

CIELA, Boilibay.' 

IRS , (KBr) (cm“^)* 3425 (OH), 2915, 1667 (C=0) and 889. 

iaoX ' 

®® *^(CDC1 ) s 7,2 (d,f:i -dienone proton ) and 6,25 (m,«C- 

S ; 

■dienone protons), 

TLCs Single spot R^* 0,32 (Benzene *Bthyl acetate, 50 *50), 
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Reaction of Xisthandienone mth TriethylphospMte s Isolation of 41 
Under dry nitrogen a solution of inethandienone (1.25 g, 
0,0037 mol) in sodium dried tristhylphospMte (10 ml) was 
refluxed for 26 hr. Excess of trlethylphosphite was removed 
by distillation (50-60*^/8-10 otq) and the crude residue was 
chromatographed on silica gel. Elution with Benzene sSthyl- 
acetate (50»50) gave crude solid (0,975 g) \thidh on crystalliza- 
tion from benzene/hexane (50*50) gave 0.79 g (67%) of 41 / 

130—131*^. 

■ftnal * Calcd for ^20^26^* 85.1? 9.2. PoundsC/ 84.64? 


H, 9.71, 


IR* ^max^^^^ (C=0)/ 1623/ 889 and 820. 

IffilR* j*7.2 (d, J = 7 HZ/ l^-dienone proton ), 

6,25 (m, ( 7 ()-dienone protons) and 4,7 (broad/ olefinic proton ), 


TLC* Single spot R^s 0,56 (Benzene sEthyl acetate/ 50 *50). 
Diphenylcvclopropenone ^^ 

(i) Dibenzyl ketone * A mixture of phenyl acetic acid 
(35,6 g/ 0,262 mol)/ freshly distilled acetic anhydride (35 ml/ 
0.35 mol) and fused anhydrous potassium acetate (1.8 g/ 0,018 mol) 
was refluxed for 2 hr in a 250 ml three-necked RB flask fitted 
with a reflux condenser and a thermometer whose bulb dipped into 
the liquid. The thermometer registered temperature between 
149450*^. The condiaaser was replaced by a fractionating column 
and the mixture distilled at atmospheric pressure. The distilla- 
tion was carried out very slowly/ as shown below so that 




151 


essentially only acetic 

acid distilled over. 


Time (min, ) 

Temperature (°C) 

liquid 

vapour 

0 

145 

— 

15 

146 

- 

25 

149 

109 

35 

151 

115 

37 

152 

119 

4C 

154 

123 

42 

161 

124 

44 

165 

125 

46 

171 

123 

49 

190 

117 

52 

204 

113 

The total distillates consisting of acetic acid 

and acetic 

anhydride were collected 

as a single fraction. 

Under conditions 


described above carbon clt 02 d,do evolution begins after 0,75 hr. 

The residue was trans fared to a 50 ral RB flask and fractionated 
under reduced pressure to give phenyl acetone, bp 120-25/25 .iran 
(lit, bp 215-220 ), yield 6,5 g (19%) and dibenzyl ketone 
bp 115-120^/0,35 mm (lit, bp 317-320°), yield 14 g (51%), 

(ii) oO , c^~ ^ibrQrao. dibenzyl ketone s To a- stirred solution 
of dibenzyl ketone (10 g, 0-,C5 mol) in glacial acetic acid (35 ml) 
was added over 0.25 hr, a solution of bromine in acetic acid 
(l6 <3i 50 ml, 0,1 mol). The mixture was left stirred for 
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additional 5 riiin» and then poured into water (125 ml) and treated 
with solid sodium bisulphite till the yellow colour of the 
solution was dischargeclo The mixture v/as alloiAred to stand for 


1 hr, filtered and air driod.. 


Recrystallization from benzene/hexanc: 


(50s50) gave 13 g (74%) of the dibrorno corrpound, mp 78-93*^ 
(lit,^^ rap 79-97°). 


(iii) J iphenylcTirclopropenone To a stirred dry methylene 
chloride solution of , ( 5 Q_*-dibroino dibenzyl ketone (10,8 g, 

0,03 mol, 50 rrtl) was added freshly distilled triethyiamine 


(10 ml) over a period of one hr. The roixture was left stirred 
for additional 0,5 hr, treated with 3N HGl (2 x 20 ml) and the 
organic phase was transfored to a flask and cooled in an ice- 
bath, To the stirred solution was added cold sulphuric acid 
(5 rnl in 3 raJ. of water) slowl^r. The slightly pink precipitate 
of cliphenylcyclopx'openona bisuljphate that separated X'ras filtered, 
washed with methylene chloride (20 ml) aixd to a stirred suspon- 
tion of the adduct in methylene chloride, water (30s50, 80 ml) 
was added solid sodium cax'bonate (0,5 g) in sraall portions. The 


organic layer was separated, washed with water, dried (MgSO. ) 
and evaporated. The impure dijohenylcyclopropenone (3.1 g) on 
repeated crystallization from boiling cyclohexane gave pure 
coir^ound 2,8 g (47%), mp 118-120° (lit,®^ rtp 119-120°) , 


Ttoal g Galcd for C, 87.37? H, 4,85, Found£C,87.21? 


H, 4.63, 


IRS ^nj^CKBr) (cm"^) s 1838, 1613, 1449 and 767, 
TLGg Single spot R^s 0, 74 (liethanol) . 
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Roaction of DiDlic3ivlcyclo:DropononQ mth Triisopropyl phosphite g 
Isolation of isopropyl g C-Hionr/lcinnamatG ( 44 ) 

Undar nitx'ogon a solution of dlphenylcycloxDroponono (0. 2 g, 

0.001 mol) in distiilsd triisoiDropylp’nosphite (1 ml) was left 

stirred at room temperature for 20 lir, TLC showed complete 

absancG of starting ketone. Solvents were reraoved vacuuo 

and tiia resulting crude sample was chromatographed over neutral 

alumina. Elution v;ith hexane gave a colourless compound which 

on dissolution in hot hexane and cooling gave 0.090 g (35ji) of 

44 / rap 63--65 °o O^he sublimed material melted at 72-73'^. 

■^al s Galcd for C, 81.96; 6.76= Founds 

C/ 01.90; H, 6.65, 

3:Rs (53r) (cm“^) s 1695 (0=0). 

ITlcwC 

F£€ls S(c;Xl^ j s 1„3 id, J = 6 HZ/ 6 protons, i~Pr) , 

3 . 

5,3 (heptet, 1 proton), 7,3 (ra, 10 aromatic protons) and 
8,0 (s, olefinic proton). 

M3s m/a - 266. 

TLCs Single spot 0.6S (Benzene slthyl acetate, 50s 50). 

Reaction of Diiohenylcvcloproponone vlth Isopropanol at B:oom 
Temperature ■ ' 

Diphenyl cycl op ropenone (0.041 g, 0.0002 mol) was stirred 

at room tsimporature along mth' isopropanol (2 ml) for 22 hr. 

TLC showed no change,* l;emoval of solvents resulted in the. 

complete recovery of the starting material. 
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77 

Prepax~at.ion of S-Broraoplithalide 

(i) To a stirred thick paste of zinc dust 
(36 g, 0.55 mol), copper sulphate (0.2 g, 0.0013 mol), water 
(8 ral) and aqueous so^liura hydroxide (30 g, 2 raol, 65 ml) was 
added under cooling phthalimide (29,4 g, 0.2 mol) over 0.5 hr„ . 
Stirring was continued for additional 0,5 hr. The mixture was 
diluted vrith water (30 ml), v/armed on a steam bath until evolution 
of aiiftionia ceased, concentrated to SO jul under reduced pressure, 
cooled and filtered. The filtrate was made acidic \vitli cone, 
hydrochloric acid (30 ml) . The oily layer that separated on 
cooling solidified to a hard reddish brov/n calce. The crude 
material was crystallized from hot water to give 16.5 g (61/^) 

of phthalido, mp 71-72^ (lit,'^^ rap 72-73). 

IRs }) (KBr) (cm”^) s 1724 (C=0) , 1276, 1211, 1047 and 993. 
max 

77 

(ii) 3"»3romo;ohthalido s Under illumination from a 100 
watt bulb a roixture of phthalide (10 g, 0.075 raol), ll-brorao- 
succinimide (13.3 g, 0,075 mol) and dry carbon tetrachloride 
(200 ml) was rafluxecl for 0,5 hr. The end of the reaction was 
indicated the disappearance of IT-bromosuccinimide from the 
bottom of the flask and accumulation of succinimide; at the top 
of the reaction mi.xtura« The succinimide was removed by filtra- 
tion and the filtrate was concentrated to 15-20 ml., cooled and 

O 

filtered to give 12 g (75%) of crude 3-brornophthalide, irgj 74-80 . 
Crystallization from cyclohexane gave 10., 9 g , {68‘/0 of almost 
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colourless 


IR; 


plates, rapo 78-30^ (lifco^^ inp 7 3-80*^) . 

1>^ (KBr) (cm"^) s 1795, 1471, 1282, 1042 and 985. 

m<3,x 


Reaction of S-Broraophthalide mth Trilsopropylpliospliite s 
Isolation of 3- (o- raet riyl benzoyl ) phthali de ( 46 ) 

A benzene solution of 3-broraoplitlialide (1 g, 0.005 mol, 

3 ml) was treated mth freshly distilled triisopropylphospliite 
(2,5 ml) and the solution left stirred at 80-90° for 36 hr, 
CoiiGontration and cooling led to deposition of xdiite crystals 
(0,095 g, 1614) of mp 138-40°, Crystallization from benzene 
gave almost colourless shining crystals, rap 157-158°, 

Anal , Calcd fox' 4.76. Founds 

C, 75.74? H, 5,25. 


IRS '0 ^^(2C3r) (cm"^) 8 1767 (G=0) 

HlclX 

HhRg 0 )° 2.65 (s, aroraatic methyl ), 

a, 3 ; 

and 7.5 (ra, ax'omatic protons). 


6,9 (s , t-proton) , 


TLCs Singio spot R^s 0,64 (Benzene S'Rthyl acetate, 50 s50) , 


Reaction of S-Broraoplithalide vrith Triisopropylphosphite under 
reflux 

3-Bromophtlialido (l g, 0,005 mol) in distilled triisopro- 
pylphosphite (10 ml) was refluxed under nitrogen at 140-150° for 
72 hr, l-Sxcess of the reagent was rancved under reduced pressure 
(65-75°/8-10 lam) and the residue was chromatographed over 
silica gel. Blution with banzene/ethyl acetate (50s50) gave 
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0,052 g of a compound, mp 281-282° which has not yet been fully 
characterized. 


An.al , Founds C, 72,19; H, 3,94, 

IRs {I®r) (Gm“-*')§ 3520 (OH), 1750 (C=0) . 

.UiSJX 
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REACTIONS OF 2,3-DIBBNZOyLSPIRO{CyCLOPROPANE- 
l,9'--FLUORENE) — A REEXAICENATION 



III„A IlilTRODUCTIOH 
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In terns of reactivity expected frori cyclopropanes to 
which electrophilic functions are attached, nitrocyclopropanes 
{Chapter II) and cyclopropane car]X)"nyl compounds can be expected 
to exhibit much versatility in their reactions. This is indeed 
so i 

The present ■ror’’: is an attempt to understand the rather 
unique transformations reported with Is 



« 

Cyclopropane I was reported to undeirgo various transforma- 
tions which were not understood and which led to crystalline 
pro'ducts of un'novffi structures.^ Of special interest is reaction 
of J with hot excess methanolic potassium hydroxide to form a red 
potassium salt, tentatively designated as the di.potassiura deriva- 


tive of dienolate II, which u;pon treatment with metliaiiolic hydro- 
gen chloride gave a yellow isomer melting at 195°. This product. 


uiilihe I, was oxidized by ix>tassium pemiangaiiate in acetone 


yielded an inner azine readily on treatment mth hydrazine 
hydrate,^ Finally reduction of I, as as the 195° melting 


material mth zinc and acetic acid gave, same compound melting 
at, 209°!' ■ ■■ ■■ , .. . ' 
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Although the initial worhers^ did not designate a specific 


structure for the product melting at 195^^/ Charaical Abstracts 


has designated it as c i s - 1 ^ 2 - dibenzp-^l s ni ro (eye 1 oprooane- 1 , 9 '- 

> 2 
•: luo rena } -lV , ' 



although raachanistica.lly plausible/ should be considered unusual 
in that the *".ey intssonediate III should be expected to exhibit 
gz'eat propansity for ring rupture* Consequently it was felt 
that the chaiiges involving I. should be of a mors complex nature 
and the investigations presented in Section C bear ,tMs out. 


In the following section the transformation of cyclopro- 
pane carbonyl com'Tounds are presented ' to provide a proper bade 
ground* 



IIIoB BACKGROUi® 
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The c'jclopropane carbonyl system has been investigated 
in some detail and many novel transfon'iiations involving these 
compounds have been i~eported. Of special interest is the 
current activity in this area involving the use of this substrate 
to demonstrate facets of concerted processes. Ko review has 
appeared on the reaction of cyclopropane car?oonyl coimDOunds and 
consequently the follov/ing critical compilation should be useful. 

Transformation of Gvclooronane Carbonyl Comiocunds Initiated bv 
R educin g A g ents ? 

The choice of the reducing agent ma?:es ,possi?ole the 
reduction of cyclopropyl T-.etones either to the corresponding 
carbinols or to hetones arising from hydrogenolysis of the 
c3fcloprop3.ne ring or to alcohols arising from these Itetones, 



StOH/Ka^ 

lAE/Et^O^ 

i i 

Sinc^ 


Sr nc -Goope r~ 


OH 



The transformation of cyclopjroyl ketones to the corres- 
ponding oxaen chain analogous can be best explained, on the basis 


of a 1# ,4-ad.dition of Iwdrogen! 


CH-j 



R- 


H 




H„/Pd-G 


,:C, ' 
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The carbonyl compounds tbus formed can undergo further 
reduction s 



Pt-blacl-., 3tOH/H^’^ 
r'i/H^ , Fieselguhr 


(50-60V600-11C0 lb) 


I'a/liq FH 3 , 


3 




a.?3rO)3AJ.^ 


OH 


The tendenc}?- for ring ru;pture can be enhanced by additional 
electron X'/ithdrawing groups and is illustrated by the followings® 



111 accordance with the suggested mechanism, Vll could be 
transformed to VI under the reaction conditions. 

It has been shown recently^® that the normal course of 
n-Bu^SiiH action involving the formation of cyclopropyl carbinols 
can,, be changed phot oc hemic ally or in the', 'presence of radical '■ 




'..Crs.r its roxrfla'tloris Xn.lti.a'tgd. loy ;3l6C'’ciro'D'ixile s s 

Tne. rupture of tlie c'^'cloprope.ne ring arising from acceptance 
of tbs elect zoxDbiles lyj tbe caifcorn/l o:c/cjen is tlie x'^j^'iraaxY patb- 
X'fay in raactions involving C7cloprop0.ne cer-Donvl comtx)U2ids » Vfnere 
'protons are tlie electrophilic spades, further cliaiiges of the 
orotonated cpclopro.pane VIII can te.!:;e place either hy direct 


au'cac--:; or an sirtersial nucieopnile {path— a) or through intezms— 
dia'ce .d arising ±2X>rii intra-raol>', 5 cular .'partici;pa'tion of the oxvgen 
functions (oath-b) 



IX 
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X'fe 


T' /L^ 


— : 

i-j 

XII 

jI 


are s 


Farther interesting 


eiiaiuples h-i^longing to this category 





In rnis context the re-ported sulphuric acid induced transforma- 
tion o:: tile parent system cyclopropane-l-carboxaldeiTyde {XT') to 
{pc -ny-'lzox],r but 3?ral deny le DCTI) and acetoin CXTII) , aare most 
perplexing; and merit reexai'ai'nation s 
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O 



Oil 1071 




OH O 


ii 


(120-30V5 hr) 


I-HC-CH-C-CH-:. 

3 


Benzoyl cyclopropane gives the expectecl Go-acetox^r propyl phenyl 
?"etons and finally the cyclopropane >rv’’III gives acid XIX through 
fragmentation of the G3 -hydroxy intermediate XX "'s 



The t rails foxraet ion 
2-peii'csne can be 


of cyclopropyl methyl ketone to 2/ S-dicIiLoro- 
rationelised on Icasis similar to pathway as 




In Beclcmann rearrangements either involving the cyclopropyl 


hetoximes with electropMles or cycloprj;^! ketones with hydra- 
zoic acid, the cyclopropane ring as expected does not migrates 



o 



Ml— CH 

3 


( 17 ) 



O 



( 19 ) 



The reaction of cyciopropyl ■'.etones with diazomethane take place 
by pathway indicated below and s?aov7 little discrimination*^® s 


O 
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interestiiiQ to }aot5 


lie deuteriujn exchan< 


taices .pla.ce with ratention of configuration In (XXIII) s 



•dowever, in the preparation of ISCIII frora 2SO.V involving a 
sequence of Irrlrogenation and equilibration/ the planar anion 


liV is imolicateds 




The i’Iichae.l~equi valent ivitli the cvclo-oropvl carbonyl com'-DOinids 


can 
to I 


realised mth> either tertiarY loases or triphenYl pliospMne 



'X ■= H/^ 
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Liitrccyclopropji ketones undergo facile ring rupture 
with bases to give the corresponding enolates. The reaction 
generally proceeds further to give product v/hers the nitro 


-Unccxoii gO'-— s re'.'^laceda 


■fe x<rauld lil'.e to explain tlxese changes 


on basis of an allene intermediate; 


% 
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Tne ;pi?0'posed intesTiiadiacy of an allsne dsrives support 
fi-om the reported transformation of iDdrciI to allene intermediate 




metlioxicl.e or an addition-elimination process from the initially 
forned ring runtured nroduct. 


'■.'.■‘he transformations of cyciopropyl hetones X3GC and 2GCCI 

23 29 

are much more complex' aiid perhaps the product stracturaJ. 

assignments slioulrl be further scrutinised s 
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Oyc 1 op ro py 1 
all-rjrlation/ 



meciiyi ],.G'L.onss in presence of base undergo exclusive 
acylation and haiogenation at the alltylsites 




O 




Odt 



^==C: / KaHH,. 


UC 

-T ' 

55 


ila 



•T* Tl- 

Cu-^*" X„ 

£ 

HCOHffe 

/iS 




-iS'jr 


Cl, 3r 



Hucleophiles add to the carbonyl function of cyclopropyl 


ketones without complications 






(34) 




(35) 



KCK^HH^Cl^H^C 



(36) 


Thermal Transformations g 

o 

At 50Cs cyclopropane carboxaldehyde is transfcpned to 

37 

4/5-dihydrofuran and propylene. The formation of these 
products could foe rationalized on basis of radical intermediates 



The more interesting transformations of this category are those 
where the oyclopropyl sigma bond' participates in concerted 
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processes. The most well loiown example of this class is the 

38 

abnormal Claisen rearrangements 


i'fe 



The mechanistic pathway proposed above has been verified by 
labell.ing escperiments and is definitely a concerted process. 
Variations of tliis rea.rrang3mei'.'.t are /oecoralng l.'-creasingly 

39_41 

abundant and are exemplified, ‘ q 
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:0r« 


T-l 


Examples of 3,3-sigmatroplc 
cerboiiyl function have been 



shifts involving the cyclo- 

42 ^3 

reported recently s ' “ 





(42) 



Photochemical Transformations s 

Cyclopropyl carbonyl coraxxsunds either undergo ring rupture 
or isomerization oir rearrangement on photolysis, Cyclopropyl 

methyl ketone gives 2-pentene“4-one involving a diradical 

, . , 44 

1 n t e rmedi are s 



Similarly 





ISO 


1 / 2— Dilosiizoyl cyc.lopropa.nes g'ive rise to a pnotostaoionaEy 


state o 


46 , 47 



lii> 


> 



Hov.'-: 




in presence of a sensitiser and a hydrogen donor solvent 


t ra)! s - 1/2- ditoengoyl cyclopropane is traiisformed into 


acetophenone 



Heavily substituted bensoyl cyciopropaiies either yield isomers 

48,49 

or undergo traiisformations to dihydrofurans^ 
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Closely ralate'l to photochemical transformations is the clicyclo- 


propyl Iceton 
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III.C PilSSEi'JT WRK 

Abstract 

The reported rather unique transfo-oraations leading to 
unlmown products, of system traiis -2,3-dibenzoylsT3iro (cyclo- 
propane-1, 9'-fluorene) (1.) has nov/ been reexarained. 

Compound 1 on treatment with methanolic potassium hydroxide 
follov;ed by hydrogen chloride gives- contrail'' to earlier report- 
the rearranged product 2,5-diphenyl-3- (9'-methoxy-9'-fluorenyl)- 
furan (2^) , whose structure is established by degradation as v/ell 
by synthesis involving 2, S-cUphenyl-S- (9'-fluorenyl) furan cation 
generated from 2,5-diphenyl-3- (9^-hydro3qr-9'-fluorenyl) furan (6) 
which ivi turn was synthesized from 2, 5-di phenyl furyl magnesixim 
bromide and fluorenone. 

1/ 2-'3ibenzoyl (1-fIuorenylidine) ethane (9) has now been 
identified as the product that was isolated in the previous 
v/orl: from 1 and methanolic ixstassixam hydroxide followed ty 
hydrogen chloride axid further the role of 9 as an intermediate 
in the 1 — ^ 2 change has been established. Both yl and 9 give 
the same 1, 2-dibenzoyl- 1- (9' -fluorenyl) ethane (7) whilf^st 2 
undergoes hyrlrogenolysis to give 2,5--dlphenyl-3-(9^-fluorenyl)- 
furan Bo ■ ' ■ 

Results and discussion , 

trans -2,3-OibenzoylsDiro (cyclopropane-l#9^~fluorene ) * (1) 
was .prepared in .quantitative yields frc«ti 9-diazofitiorene and 
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t ran s -dibenzoyl ethylene?^ 



Tlis ©a.irli©ir •fc, cans stsxrsoclisrciical assiQ'nrnsnt is supports^ from 
i’MR studies of spixx) cyclopropanes (Appendix-). 


*1 o 

* mp 1, 202-203° (lit rap 203 ) 

IRS Vi (KBr) (cm"^) s 1661 (C=0) 
max 

IJMRs ^ j? 4.6 (S/ cyclopropyl 

^ protons. 


protons ) 


7.5 (m, aromatic 


Reaction of 1 with hot msthanolic jpotassiura hydroxide as 
;Dreviously descrihed^ gave a pinh salt from tne hlood red alhaline 
solution. The clry salt was unstable and could not be adet^nately 
characterized directly, men 1 was reacted with hot methanolic 
potassium hydroxide followed by treatment with dry hydrogen 
cliloride# as far as possible according to, the conditions reported 
previously , a pale yellow product rap 112-113° was obtained. 

** "Die Blut Rote losung vdrd filtriert, und es wird solange 
ein troclcner' I-iCl-Gas Strom' hindurchgeleitety bis' die Farbe 
in Gelb uragsschlagen ist. Die heisse losung wird von 
Kalivira Chlorid abfiltriert'*. 
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Although the reaction sequence has been repeated many 

times under these conditions/ we have not encountered any 

o 

compound melting at 195 as reported for this reaction by the 

1 

earlier workers. Surprisingly the compound obtained/ contained 

a methoxy group, did not show carbonyl absorption and its xiLtra- 

violet absorption was quite different from that of li This 

product has been identified as 2/5-diphenyl-3- (9'~metho25y~9'~ 

fluorenyl) furan 2. The structural assignment is supported by 

51 

IR, UV, NMR, analysis, degradation and eventually synthesas. 

Oi'fe 

Hi 

2 ' 

* IRs (KBr) (cm”^) s 1577 (aromatic), 1064 (methoxyl) » 

UVS X “ 224 (€,34/150), 229 (€,33,490), 

236 (€,25/360), 301 (€ ,25,250) , and 
310 (shoulder, e ,24, 160 )nra . 

NHRs ^(cTT'i V ° 2.84 (s, -OCEL), 6.9 (s, furan 3 H) and 
■^3^ 7,4 (ra, aromatic 18 protons). 


In the light of Imown trans formations of cyclopropyl ketones 
{IIIB~Background) the 1 —^2 change must be considered novel 
and at this stage the differences between our results and that 
reported^ were perplexing. 
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Sffoarts \^;ere then rciade to confirra the structural assign- 
raant for 2 by degradation studies.. 

Osonolysis of 2 in chloroform gave a white crystalline 

51 

solid to which structure 3 has been assigned. In thxs experi- 
ment there was also obtained an oil which could not be further 
characterized. The ^ ^ 3 change can be rationalized by pathway 

similar to that involved in the traris formation of 2/5-diphenyl~ 

5? 

furan to ci s - 1 , 2-dibenzovlet livlene s " 



In the reaction of 2/5-diph3nyifuran with ozone further ozonolysis 
of the initially formed cis-dibenzoyl ethylene talr.es place to give 

59 

phenyl glyoxals “ 
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In the present investigation uncharacterized oily products 
that could be resulting frora further degradations were present. 

In attempts to malce the oxidation process more efficient/ furan 2 
was reacted with buffered potassium permanganate and the same 
1/4— dihetone 3, was obtained in a much higher yield. 

The ^ 3 change vrith potassium permanganate has no 

precedence in furan chemistriT' and is rationalized as follows* 



The most satisfactory method for effecting the 2 — ^ 3 change 
is the well hnown nitric acid/acetic acid reagent wMch 
infact gave B5% yield of the desired diketone. . 

This transformation also could be rationalized on the 
basis of an initial |_4 -f- 2j addition followed by fragmentation 
in a manner analogous to the transformation of the furan 
ozonide'S 



1S7 



The structural assignment for 3 is supported analytical and 
spectral dates* 


1-' max 


1631^ 1605 {^tC / P -unsaturat ed G=0) 


■WkRs 


2,9 (s, -CCIJj), and 7.5 (rn, aromatic 10 protons 
and olsfinic proton) , 


T’tvo reasonable maciiaaisms can be written for the 
JL —^ 2 change, in essence differing only in the sequence 
involving introduction of the methojq;^! function. 
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Tne addition of elements of methoxide ion envisaged in 
path A was considered not very lilcely because under this highly 
alkaline condition 4 would be eiqcected to exist largely in the 
form or xts conjugate base as evidenced by the deep red colour 

or tne reaction mixture prior to treatment with hydrogen chloride 
gas. 


The novel cation system represented by 5 was then consi- 
dered as a likely intermediate and a synthesis of 2 was planned 
involving tnis species. Initially ion 5 and subsequently 2 
was sought by acid catalysed interaction of 2, 5- diphenyl fu ran 
and fluorsnone s 




OC.Q 
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A methanolic solution of equimolar amounts of fluorenone 
and 2/ 5— di^shenylfuran was saturated with dry hydrogen chloride 
gas and set aside. Ho reaction could be detected (TLCi) even on 
prolonged keeping. 

Efforts were then made to prepare 2 involving the alcohol 
6 ^ which was prepared by addition of fluorenone with 2^5-di- 
phenylfun^l magnesi'um bromides 



The precursor of the Grignard reagent, 3 -broino^2, 5-diphenyl fu ran 
was made by sequence involving hydrobromic acid addition to 
trazis -di benzoyl ethylene followed by cyclization with acetic 
anhydride p 



The structural assignment for the tertiary alcohol 6 is suppor- 
ted by analytical and spectral data,* 

* ^ (“OH) , 1124 (C-O), 

NMRs ^ f uryl proton) , ahd 7, 4 (m# aromatic 

"protons}’, , 

238 and 28? nm, ' 
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Tlie rationalization of the novel 1. — 2 cliange involving 
cation 5 fiirls ranch support in the observation that the tertiary 
alcohol 6 is exceptionally easily transformed to 2 in 88 % yield 
by treatment mth methanolic hydrogen chloridei 



The identity of 2 obtained from 1 and also 6 was completely 
established by analysis/ mp/ IR and IIIIR. 


1 

The possibility that the earlier workers have infact 
obtained 2/ inspite of difference in the melting point/ was also 
considered. Interestingly the observation made by them that looth 
1 and product arising from treatitient with raethanolic potassium 
hydroxide and dry hydrogen cliloride gave sarae compound rap 209*^ 
can be accomraodeted on basis of structure 21 



2 
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The jL — X change, as re^Dorted in the background has ample 
precedence and the fuirther transformation to ^ is a simple 
furanization reaction. The compound 2 can be expected to undergo 
ready hydrogenolysis of the C-CX2E^ bond to give 3. 

In the event when 2 "was reacted with 3inc-acetic acid- 

1 

hydrocliloric acid under conditions described earlier, the 

o 

compound obtained was indeed the expected furan 8, mp 15S-59 • 

The structural assignment is supported by analytical and spectral 
results.* 

* IRs l) (KBr) (cm”^) s did not show the strong C-CX^H^ (1064) 

absorption pjresent in 

NllRs 5*5 (s, 9'-fluorenyl proton), 6,10 (s, furan H) , 

7,4 (ni, aromatic 18 protons). 


On the other hand when j. was reacted ^^^^th zinc-acetic acid- 
hydrochloric acid^, a compound melting at 212*^- for the first 
time in reasonable agreement vrf.th observations earlier reported^- 
was olDtained, The furan 8 was totally absent (TLC) in the 
reaction mixture. This compound has been assigned structure 7 
on basis of analytical and spectral data.** (next page). 

The most noteworthy feature of 7 is its distinctive ABCD 
HMR soectrums . 
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** 3:Rs l)j^^{KBr) g 1664 (-0=0). 


NMRs $ 


(CXIl^) ° 13/ 3/ A), 3.38 (d of d# 

«T SsIR. .T ~ t r\ nil A Jirr / ^ «. _ 


AB' 


BC 


10/ B)/ 4.45 (d/ D) , and 


5.1 (d of t/ 10/ 3/ J^.== 3/ C)/ 


'BC” "'AC 
7.4 (ni/ aromatic protons) 


MSs ra/e-402. 



The reported^ observations that compound 7 also arise under 
conditions of the 1 7 change from compound mp 195° resulting 

from 1 ^d methanolio potassium hirdroxide-hydrogen chloride can 
be acccmiodated on the basis of either structure 9 or 10 for the 
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195® melting compounds 



9 10 O 


Of this 9 should be preferred on basis of the reported^ yellow- 

colour for the 195® melting compound* It might be recalled that 

in the rationalization of the 1 — ? 2 change, compound 9 was 

considered as a possible intermediate as 4; thus bringing to 

focus the possibility that both 2 and 9 could arise from common 

1 

intermediates. Indeed a minor variation of the reported 
reaction conditions gave the 195® melting substance from JLi 
The blood red filtrate resulting from jL and methanolic potassium 
hydroxide on saturation -with dry liydrogen chloride in the cold , 
precipitated a yellow compound melting at 195®. Interestingly 
under these conditions no 2 was obtained. Crystallization gave 
pure material melting at 193® and this compound is now identified 
as 9 on basis of analytical and spectral data.* 


* IRS j)^^_ (KBr) (cm"*^) s 1692, 1661 { C=0) . 

' luSLX ' 

EiMRs ® methylene protons) and 7.4 (m, aromatic 

■ . . ^ ■ protons 
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Compound 9 gave on reduction with zinc-acetic acid- 
hydrocliloric acid the compound 2 and on treatment with hydrazine 
hydrate gave the aromatic system li t 



The structural assignment for the novel aromatic system JJ. is 
suprjorted hy analytical and spectral data.* 


* IMRs 


^ (CDClg ) 


5.45 (s, 9'-fluorenyl H) and 7,4 (m, aromatic 
protons) . 


1 

The melting points of 2 and IJ. are close to that reported 
for similar transformations of the 195*^ melting compound and 
consequently it is almost certain that the 195° melting compound 
obtained earlier has structure 9* 

As discussed earlier 2 could arise from 9 by two 
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pathways s 




The colour of the alhaline solution resulting from 1 
makes pathway A unlikely and accordingly reaction of 9 with 
methoxide followed by dry lh 5 ,!"drogen chloride gave a con^lex 
mixture in which 2 was present only to a small extent* In 
contrast, reaction of 9 with hot methanolic hydrogen cMoride 
gave cleanly 2 and consequently the rationalization of the 
1 — ^ 2 change involving 9 receives strong support. Interestingly 
both 9 and 2, whilst sparingly soluble in cold methanol are quite 
soluble in hot solvent* Qn basis of this the apparently start- 
ling change in the course of the reactions of 1 as a function 
of temperature can be readily explained. When the hydrogen 
chloride saturation is conducted in the cold ^ the initially 
formed 9 precipitates "and no, further .reaction .takes place. 
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In contrast in the hot , the resulting 9 is soluble and is 
rapidly transformed to the furan 2. It should be mentioned 
that the possibility of 2 arising independently of 9 could not 
be totally excluded. 
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IIIoE SXPERIiieiSTAL 

aEEEPvAL 

Melting points are uncorrectecl and were determined on a 
Thomas Hoover capillary melting point apparatus. Infrared 
spectra were determined on Perkin-Elmsr model 137 recording 
spectrophotometer. NMR spectra were recorded, on Varian A-60D 
instrument using tetraraetliylsilane (TMS) as internal standard. 
Ultraviolet spectra were recorded on Cary-14 instrument. Silica 
gel G (Stahl) was used for tliin layer chromatography and column 
chromatography was done on silica gel (BDH) , coluirfns being 
prepared from its slurry in ^petroleum ether (60-30°) . 

Fluorenone 

In a 1 1. three-nec3".ed flasic fitted \d.th a mechanical 
stirrer/ a drooping funnel and a water condenser, \-ja.s placed 
teclmical fluorene (50 g, 0.30 mol). Glacial acetic acid 
(100 rol) was added and the mixture v^'as heated to gentle boiling. 
Sodium dichromate dihydrate (157 g, 0,06 mol) was dissolved in 
a warm mixture of 200 mi of glacial ac.etic acid and 50 ml of 
water. This soj.ution was added dropv/ise to the boiling solution 
of fluorene over a period of 0.5 hr. After stirring for .addi- 
tional 3 hr at refluxing terajperature/ the mixture was poured 
into 1 ,1. of ice-cold water. After standing for 2 hr,- an yellot^ 
solid precipitated out. The solid was filtered, washed with 
water and' distilled , at 110-115°'^ at ' 1 mm. The distillate, was ' 
dissolved' in the minimum 'amount of 'benzene 'and petroleum, ether 
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(bp 40-6G°) v/as carefully added. On standing 32 g (60%) of 
yellow crystals were obtained, mp 32-83° (lit^® mp 33-33.5°) 

Fluorenone Hvdrazone 

Fluorenone (13,0 g, 0,10 mol) vras dissolved in the 
minimum amount of 95% alcohol and hydrazine hydrate (85/o, 3.0 g, 
0,13 mol) was added and the mixture refluxed for 6 hr. Yellow 
cr^rstals of fluorenone hyclrazone (13,0 g, 94% yield) was obtained 
on cooling, mp 148-50° (lit^*^ 148-50°). 

9-331 azofluorene 

A suspension of finely ground mixture of fluorenone 
hydrazone (4.0 g, 0.02 mol), yellov/ mercuric oxide (7,0 g) and 
anhydrous soditam sulphate (2.0 g) in dry ether (50 ml) was 
stirred for 0,5 hr after addition of 0,5 ml of saturated etlianolic 
potassium hydroxide. The reaction mixture was filtered and 
solvents evaporated without heating to give 3,4 g (85%) of 
O-diasofluorene, mp 93° (lit^^ 98-99°) . 

t rans - 2 , 3-.'0ibenz oyl sioi ro (eye lopro'oane- 1,9'- f luo rene ) 

Benzene (50 ml) v/as poured into a mixture of trans - 
dibensoylethylene (3,0 g, 0.034 mol) and 9-dia2of luo rene (6.4 g, 
0*034 mol). The clear red solution warmed up after: an induction, 
period and gave .off nitrogen ' rapidly. In 10 min the theoretical 
amount of nitrogen v/as collected, During this time the crude 
dibenzoyl , adduct precipitated; ' yield 1.3,54' g, crystallization 
from; re'fluxing benzene gave ■, 11.0 :g,' ;(66%) 'Of -snow .white cri'-stals ■ 



mp 202-203° (lit^ mp 203°) 
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Micil , Galcd for ^29^20^7 
Founds C, 86.87; H, 4.92, 


C, 37.0; rl, 5.0. 


(cm"^) s 1561 (C=0) . 

r 

I'TMRs ° cyclopropyl protons), 

aromatic protons) . 


and 7.5 (m. 


TLCs Single spot 0.58, benzene). 


Preparation of ".'Diootassium salt” of the .'^ibenzovl adduct 

The di benzoyl adduct 1 (2.0 g, 0,005 mol) was suspended 
in 50 ml of 20% methanolic potassium hydroxide and the rnixture 
reflvixed for 0.75 hr. The clear blood red solution deposited 
deep violet needles when allowed to stand at .room terape nature 
for 2 hr. The material was collected and washed with 1% 
methaiiolic potassium hydroxide solution and dried. Attempts 
to purify the crude product wre not successful. 


Reaction of tra ns- 2 , 3-:3ibenzovls-oiro (cvcloToix)pane-l , 9^-fluorene) 
(1) with llethanolic Potassium Hydroxide ? Isolation of 2 # 5-Di- 
phem^l-S- (9'-metlioy/-9^-fluorenvl) furan {2) 

To a suspension of 1 (5.0 g, 0.0125 mol) in absolute 
methanol (125 ml) was added 30% raethanolic potassium hydroxide 
(25 ml) and the red mixture was refluxed for 0.5 hr. The hot 
solution was filtered and the hot filtrate was treated with dry 
hydrogen' clilorlde until it bscame yellow. ’.The mixture ^ was filters 
and the ■ filtrate ..cooled'. , The: yellow .'precipitate was ■ collected, . 
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washed free of acid, and dried to give crude 2 (2.754 g) mp 113-201 
Crj/st alligation from methanol gave pure 2 (2.283 g, 44,3%), 
rap 122-23'". 


Anal . Calcd for (Ihvrt:. 414} s C, 36.95? 5.31? 

-OCH,, 7.49. Idourids C, 36.33? H, 5.19? -GGII, , 7,80. 

Ihs )Y (rsr) (cm”"") s 1577 (aromatic) and 1064 (methox^/1), 

■ nioX 

ux^'s A. , CatCH) s 224 ,34, 150) , 229 ( € / 33 , 490) , 

236 (£,25,360), 301 (6,25,250), and 310 (slroulder? fe , 24, 160) nra- 

HilRs jg 2.84 (s, -OCH^), 6.9 (s, furan 3H) and 

7.4 (rn, aromatic IS nrotons). 


TLCi Single spot (R.c® 0.71 (benzene)). 


The metiianolic filtrate after removal of the yellow solid 
was evaporated to '-ig/ness under reduced pressure and a ysllov? 
.residue (*.''0.34 g) melting over a range was obtained. An attempt 
was made to -purify this material by chromatography over neutral 
alumina but the material decormposed on the column. 

Attempted Pre'oaration of the Inner Azine from 2 

To a warm solution of 2 (0.10 g, 0.00025 mol) in ethanol 
(3 ral) was added hydrazine hydrate (0.2 rol) and the mixture 
refluxed for 6 hr (no change in colour) ) , cooled, .filtered and 
the residue , washed t-d-th sraall amounts of ethanol and dried to 
give 0,0-82 g:, mp 120-23° of the starting material. 
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Oxidation of 2 , 5-3i^li3n"/l-3- (9 
v/ith I’itric Acid; Isolation of 
f luo gorr-rl ) et h~/l 3ne (3) 


-raatho:”^^- 9 ^ - fluo renvl ) f u ran (2) 
1 / 2~3ibeii2;o"/l-l- (9 ^ ~rae'cxio;f^/-9 ^ - 


To a stirred suspension of the furan 2 (0.09 g, 0.00022 raol) 
in glacial acetic acid (0.5 ral) x^as ad lad a raixture of nitric 
acid (con, d^^l.42, 0.1 *nl) in glacial acetic acid (0.3 ml). 


The raixture became clear in 0,25 hr, 


0.5 hr, a white solid 


X^recipitated fro 
another 0,5 hr. 
precipitate was 


ra the soliition. Stirring was continued for 
J?j.ft3r excess ice-water had been added, the 
collected, washed free of acid, dried and crys- 


talli?:ed. from ethanol to give -pale yellow cjgf stals of 3 (0,079 g, 
3S,i) , rap 159-60°. 


Calcd for 430) s C, 83.72? M, 5.1. 

Found ? C, C3. 71? H, 4.97. 

IFvS (I^Br) (cm”^) s 1681, 16C5 (-tC -unsaturated 0=0). 

ITIlRg ^ ,3 2.9 (s, -OCH, ) , 7,5 (m, aromatic 13 orotons 

a 

and olefinic proton) . 

TLCs Single s'DOt (R^s 0,62 (bensene setliylacetats (SOsSO)), 

Oxidation of 2, 5-biolienvl-3- (9 -metlio>nr-9^ -f luorenvl ) furan {2 ) 
v/ith gotassiura ?3:-.raan;Tanate 

A solution of the furan 2 (0.2 g, 0,0005 luol ) . and potassium 
permanganate (0.40 g,. 0,0025 mol) in acetone-x/ater-acetiC' acid 
(26-3-0,5 ml) x-zas stirred at room tenaperature for 2 ,hr. Sodium 
bisulpMte was added and: the mixture was made' strongly acidic 
X'/ith dilute hydrochloric acid. After most of the acetone had 
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been iremoved under reduced pressure, the residue was extracted 
with excess ether, washed v/ith satiirated sodiura bicarbonate, 
dried {i-IgSO^} and evaporated. The rssiduaJ- oil i^0,2 g) on 
tx'ituration V7ith ether gave 3 (0.10 g, 48p) , mp 160-61*^. 

Osonolvsis of 2 

A solution of the furan 2 {0.40 g, -■'V 0.001 mol) in methy- 
lene chloi'ide was ozonised atAr-40° for 20 min. The osonide vras 
reduced i-nth zinc dust and a trace of hydroquinone. The crude 
Xcroduct on trituration with ether gave 3 (0.064 g, 15.2%), 
rap ISO-Sl"^. 

Attempted Synthesis of 2 , S-binhenvl-S- (9 ' -rfletnoxr/-9 '' -fluorenvl ) - 
f uran (2 ) frora 2 , 5-.bi?oI-ienvlfuran and Fluorenone s 

2 . 5 - Pi phenyl furan 

t rans -bibenzovlethylene (5.5 g, 0.025 mol) was added 
portionwise to a vigorously stirred and refluxincf solution of 
5.5 g of stannous chloride aiid 11 g each of cone hydrochloric 
acid and glacial acetic acid. After additional 0,25 hr reflux 
tile reaction mixture was allov/ed to cool to 50° and "ooured onto 
cold water. The solidified portion was crystallized slowly 
from ethanol to give 2,23 g (37%) of 2, 5 -diphenyl furan, 
rap 82-84° (lit^'^’ rap 86-90°). 

Reaction of 2,5-Diphenvlfuran with Fluorenone in Ifethanol ic 
Hy d ronen CIil o ri de 

Pry hydrogen chloride' gas was passed through a solution .of 

2.5- Piphsnylfuran (1' g, 0.0C5 mol) ■ and fluorenone (0,9 g,0,005 mol) 
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in absolute inethan.ol (20 ^al) for 0,5 iir» There v/as no iprecipl- 
tate. TLC sho'"/ed no reaction. 


3~n.ithasis of 2/ S-binherri-l-O- (9^-methox^-0^-fluoi~envl) furan (2) s 

(i) s~7ra - .bibeiisovlbromoetliane 

trans -bibensoylethvlene (10 0,042 mol) was stirred with 

5 g of fuming hydrogen 'eromide in 30 ml of acetic acid for 4 hr. 
The suspension was filtered and dried to give 11,6 g (‘37;4) product 


melting at 181-1S2 


o 


(ii) 3-3rorao-2 , 5-diphenvlfuran 

To an ice cooled aiid stirred suspension of svm -clilDenzoyl- 
bromoethane (11*5 g, 0,03 mol) in fresiily distilled acetic anhy- 
dride (60 mi) vms added cone sulphuric acid (1.5 ml). After 
. ,, o 

0,5 hr stirring at 0 the clear solution v/asppured over crushed 
ice. The resulting yellow precipitate v;as filtered/ washed with 
water and dried. Crystallization from ethanol gave 7,26 g (675«) 
of 3-bromo-2,5-diphenYifuran mo 79-SC° (lit^^ mo 32-32.5°). 


(iii) 2 / 5-Oitalienvi-3- (0 ' -liv lro»/-9 ' -f luorenvljfuran (6 ) 

To stirred. magnesiura turEiings,' (0.15 g# 0,006 mol) and, dir»=' 
ether (3C mi) was added over 0,5 hr a soliition of 3-bromo-2/5- 
diphenyifuran (1,5 g, , 0.005 mol), in dry ether (20 ml) , A crystal 
of .iO'line was added and the stirred sus^oension was, held at 3S° 
for 22 hr. A solution of f luorenone (0, 9 g, 0.005 raol) In dry. 
ether (20 ml) was tlien ,added .dropwise and the mixture was heated 
under reflux for, another hour. The' reaction mixture was poured 
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onto cr*.7-shed ice-dil sulphuric acid and then extracted with 
ether. The ethereal esctract was washed successively with water^ 
saturated sodium bicarbonate/ dried (I'lgSO^) end evaporated. The 
residue -was chromatographed on silica gel, 3iution v/ith bansene- 
hexane gave naarlv pure alcohol 6 <0,34 g, 17%) as a pale yellow 
solid which was cr^rstailized from hot benzene/ mp 163-64*^. 



1 ror ' 


400) s 

c. 

36,97? 1-1/ 5.05 

Found § C , ‘37.06; 

Is, 5.1. 





IRS i) (I^ 

^ ma;c 

3r) {cm~^) s 3448 

0 

1 

1124 

(c- 

•0) . 


i'lI-IRs ^ s 7,0 (s/ 3 furfl proton) and 7,4 (m, aromatic 

protons) , 

UVS 7v _ { ]tOE)3 215/ 231, 238 and 237 nm. 

TLCs Single spot (R^s 0.73 , {benzene s ethyl acetate, 50s50))# 


{ i v ) Synthesis of 2 , 5--Diohenvl--3- (9 ' -metho:;r/-9 ' -fluorenvl ) furan (g ) 
A solution of 2/5-'itpli8nyl-3- (9'-hy.S.roxY-9'~fluorenyl)-* 
furan (6) (0,075 g, 0,0002 mol) in metharaolic hydrogen chloride 

(7-3 mJ.) was stored overnight. The first cifp of furan 2, 

(0,042 g, mp 118-119®) vms collected, Tlie filtrate was poured 
into col'l water (100 ml) and the yellow solid filtered to yield 
a/llitional 2, mp 116-117®. The crude products were combined , 


and crystallized from methai’iol to give pure furan _2 (0,068 g, 
SG%) mp 122-23®, 

TMs material vras identical (analysis, tic, mixed mp, , 
ir and nmr) mth the compound obtained from,. tr^is- 2, 3-dibenzoyl- 
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Spiro {cyclopropane-1, 9' -fluorsne) il) and riiatlianolic potassiura 
iT^clroxide/liydrogen chloride . 

Reduction of t z~aris - 2 , 3-.0ibenzov’'Isoi ro (cvcloorooaiie-l , 9 ^ -fluorene) 
{j. ) with ainc-hcetic acid-ri:’'drochlo r ic acids Isolation of l,2-.oi" 
b 3-'.izo ~^ l-l- (9 ^ -cliioreir/l ) ethane {7 ) 

A stirred suspeiision of the spii-o corapound 1, (0,25 g, 

0.CC506 raol) and zinc dust (0.25 g, 0,0035 raol) in acetic acid 
(3 ml) vras ’:ept at. 75-60'^ for 0.5 hr. Concentrated hydrochloric 
acid (3 .ral) was added in one lot and heating was continued for 
additional hour. The yellow mixtujce was decanted and diluted 
v;itli saturated soliura chloride solution (15 ;ti 1) . The resulting 
.fixture and the sine residue was extracted with ether. The ether 
eirtracts v.rere v;aslied with aqueous sodixim bica.rbonate, saturated 
sodium c'’';loride solution, dried (MgSO^) and evaporated. The 
crude oroduct on crystallisation frora bensene gave 7, (0.099 g, 
39.47^), mp .21.2-213^ (lit^ rap 209°}, 

,^nal. Cc.lcd for (iL'-i-ft. 402) s C, G6,56? il, 5.47. 

}?ounds C, 06,64? H, 5,50, 

IR? l> (iCSr) (cra"^) s 1664 (-C=0) . 

iciax 

jS 2,1 id of d, 18, 3, A), 3.38 (d ofd, 

^ J,„= IS, J =10, B), 4.45 .(d, 3, D) 


and 5,1 (d of t, UgQ= 10, 


10, J^^='3>' J^= 3,C), 


7,4 (ra, aromat ic protons ) , 


M3s iifi/s-402. 


TLCs Single spot (R^h 0.75 {benzene sethyl acetate, 50 s50) ) . 
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Heductloii of 2 / 5-Di^hen'-Al--3- (9 ' -methoxv-Q ' -fluorenvl ) furan {2 ) 
with 21nc -A cetic acid-H^/droahloric acid; Isolation of 2>5-^i- 
phenyl-3- (9 ^-fluorenvl) furan (S) 

A stirred, suspension of the niethojiyfuraii 2 (0.26 g/O.OOOOrtiol) 
and sine dust (0.25 q, 0.0035 raol) in acetic acid (3.5 rnl) was 
/‘■.apt at 75-30® for 0,5 hr. Gone hjdTOchloric acid (3 ml) was 
added in one lot and heating x-ras continued for an additional 
hour. The red raixti.ire was decanted, diluted xvith water and 


extracted with ether. The ether extracts t-rere washed successi- 


vely with aqueous sodium bicarbonate, sodium chloride solution, 
dried (i-jgSO^) and evaporated. The residue was crystallised from 
benzene to give vj-hite crystals of 2.5-diphenyl-3- (9'-fluorenyl)- 
furan 3 (0.040 g, 20ii) , mp 158-59®. 


. ?tial » Galcd for G^^d^QO (i^l. wt. 304) ® G, 90.62/ i*!, 5.21. 
Found % G , 90.02? LI, 5.55. 

■{) ,, (LBr) (cn“^) g did not sho\f the strong C-OCH-, 

iuaJi. 

(1064) absorption present in 2» 


furan 



^ *j.5 (s, 

Co ■''--3 ) 

7,4 (m, aroraatic. IG 
Single spot (R^ s 


9 ' - f luo r any 1 p rot on ) 
protons) . 

0.69 (benzene) ). 


6.10 (s. 


Redaction of 1 , 2-;3ibsnz ovl- 1- (9 ' -raatho;r.^-9 ^ -fluorenvl ) ethylene 
(3) with Sinc-Ac e tic acid-Ij^/droclilo r ic acid ? Attempted Isola- 
tion of l,2-.Dibensoyl-l- (9^-fluorenvI) ethane (7) 

A mijcture of 3 (0,065 g, 0,00015 mol) and zinc dust 

(0.13 q, 0,0018 mol) in acetic acid (0,5 ml) was heated for 
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0,5 hr under reflux. Cone hydrochloric acid (3 ml) was added 
in one lot and after additional 1 hr reflux the red reaction 
mixture was diluted with eoueous sodiujn cliloride and extracted 
vrf-th ether, Tlie ether extract was washed successively with 
water/ solium bicarbonate, sodium chloride solutioxi and dried 
(MgSG^, ). Evaporation of solvent gave G.oi? g of a carbonyl 
compound (IR) (G, 57,69; H, 3. SO) mp 150-51° which was entirely 
different from the expected compound. 

Reaction of t rans - 2 / 3-::7i benzo^--l s'oi ro (cvclooropane- 1 > 9_ £ lup mael 
(1. ) with I-fethanolic Potassium B/droxide followed by Saturati oa 
with a^-drooen Chloride at 0° ; Isolation of !> 2-Dibensovl (l-fluo - 
rerryl i dine ) ethane ( 9 ) ' 

To a suspension of 1 (1,0 g/ 0,0025 mol) in absolute methanol 
(25 ml) v/as added 30>» methanolic potassium hydroxide (5 ml) and 
the mixture was refluxed for 0*5 hr. The b3.ooci red solution was 
filtered/ cooled in ice and treated with dxY hydrogen chloride 
until the precipitation of the yellow 9 was complete. The 
reaction mixture was filtered/ vrashed free of acid and salt/ dried 
and the rosulting crude product (0.4 g, mp 195-96°) v^as crysta- 
llized from benzene to give pure 9, (0,382 g, 38,2%)/ mp 198°, 

Airal. Calcd for (H,%rt:, 400); C/ 86,97; H/ 5,04. 

Founds C,. 86,34; R, 5.29. 

IRS ])„ (I3r) (cm"^) s 1692/ 1661 (-C=0) , 

max , ' ' , 

jS 4. SI (s/iaethrylone protons)/ 7,4 (m, aromatic 

protons) ,. 

' TIiCs Single"' s:' 00 t ■ (R^s 0,75' (benzene 'Sethylacetate (50 sSO-) ) , 


TliR 


(CDCl- 
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Reaction of 1 , 2-Dibengoyl- fl-fliiorenylid-inel etiiane {9 ) with 
Ii2vdrasirie i-lydrate? Isolation of 3 (9'-£luoran¥l) - 

py rjdagiae {11 .agine .of 9} 

To a stirr-ed solution of 9 (0.040 g, 0.0001 mol) in 
sthsj.iol shensene (0 iul/ Isl) was added drops of 85/a hydrazine 
hydrate and. the niiicture was refluxed under stirring for 7.5 hr. 
The solvents were removed in vacuo aiid the crude pale yellow 
cor..ir>ound v;as cr 3 ,>'staliized from benzene to give 3,6->dii3henyl--4- 
{9^-£luorsnyl)pyridazine ^(O.CS'J g, :ap 233^ (lit^ mp 235°) 

Atial . Calcd for (luwt, 396) s C, 37, 8f E, 5,0? 

?.h 7.2. Founds C, S7,58? H, 4.33? ”, 7.14. 


HMR 
protons ) . 




(C.IJCl^ ) 


5.45 (s, O'-fluorsnyl H) , 7,4 (m, aroraatic 


TLCs Single spot (R.pS 0.36 (benzene)). 

Reduction of li,2-3?ibenzovl- (l~fluorenvlidine) ethane (9) with 
Zinc -acetic acia-E~/drocI'J.oric acid? Isolation of 1 , 2-2)ibenzovl- 
1- (9' -f luoreir’l ) ethane (2) 

A mixture of 9 {0,125 cj, 0,0003 mol) and zinc povTder 

(0.25 g, 0.0035 mol) in acetic acid (1 ml) was heated for_. Q,.,.5 hr 

under reflux. Cone hydrochloric acid (5 .ml) was added in one 
lot and after additional one hour reflux the reaction mixture 
was cooled and dil\).ted with v/ater, 'The mixture ^^ras extracted 
with ether and the ethereal extract was washed successively with 
water, sodim bicarixsnate solution, sodium chloride soliition and 
dried (MgSO^, }„ .evaporation of solvent gave the cinide product 
which V7as cr/stallized from benzene to give 2 ^0. 025 g, 20%), 
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mp 213-214°. 

This product was identical (mixed mp/ tic, ir) to that 
obtained from 1, zinc-acetic acid-hydrochloric acid. 


Transformation of 1 , 2-Dibenzovl- (l-fluorenylidine) ethane 
2 , 5-:3ir)henvl-3- (9' -msthoxv-9" -fluorenvl ) furan ... (2 ) 


(9) to 


A suspension of 9 {0.075 g, 0.00018 mol) in absolute 
methanol (8 ml) was refluxed for 0.25 hr. The hot suspension 
vras saturated mth d.xY hydrogen cliloride. The raisdcure became 
clear in 2 min. After 0,1 hr excess raethaiiol was removed under 
reduced pressure and the residue was cooled. The yellow crystals 
were collected and crystallized from hot methajnol to give pure 
2, mp 122-23° (0.030 g, 30.0^4). 


The compound was identical (tic, raixed mp, ir) to that 
prepared from 1;. 

Atterapted preparation of (2) from (9) via corrumon intermediate. (4) 

v/ith Methoxide 

To a suspension of 9 (0.020 g, 0.00005 mol) in absolute 
methanol (2 ml) was added 0.5 ml of 30?^ metha^iolic potassiiim 
hydroxide and the resulting lolood red mixture was refluxed for 
0,5 hr. The suspension was filtered and dry hydrogen clxLoride 
was passed through the hot filtrate until it turned yellow. The 
reaction mixture on tic showed major spot corresponding to the 
raethoxy furan 2 along with two other spots,' 
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Attempted Ct/clization of {7) to the Furan (8) 

To a stirred solution of 1,2-dibenzoyl-l-. (9'-fluor«nyl)- 
ethane 7 (0,028 g,, 0*00005 mol) in methanol (2-3 ml) was added 
saturated metlianolic hydrogen cliloride solution (3 ml) and 
stirring was continued overnight. Solvents were evaporated. 
TLC showed no reaction. 
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APPSiOiX 


ilESULTS AilD DISGUSSIOi-: 


In tliQ course of routine cliaracterization of spironitro- 
cyciopropanes (Ciiaptor II ) , tlie of p — nit ro styrene adduct 
I showed unsioectsdiy, the presence of a doublet (J = 8 Es) at 
6«15 ppi'iU Since the cyclopropane pi'otons were readily accounted 



on basis of clouMets {u = 6 Hs) at 5.4 and 4.7 ppm, the 6.15 ppm 
doublet was concluded to be due to proton I-l'", significantly 


shielded by the phenyl ring. The literature abounds witii . 

sxa*nx:>ies and discussions of sMelding of protons by: .aromatic ■ . 

1 ' 

rings. IJovjever, the observed shielding amounting to nearly 
-1*2 ppm is of significant magnitude and .because of : lack of 
information pjor-taining to the M’il of, spirocyciox^ropaiias.. relatecl 
■to considered 'iiscessary'-to: "examine. 'the. .spectra':'' of '■such 



227 


conpotinds. It was iiopeci that such an examination xi/ould not only 
Gonfiri'a the assigjiraent for _1 but also provide infori'aation about 

tne preferred alignment of the phenyl ring mth respect to the 

. . 7 

remaining rigid part. 

The spirocycioxGropanes 1,-6 were prepared by reaction of 
the appropriate olefinic functions with ‘S-diasofluorene. In 
Table I is presented the cheraical shift of this shielded 
aroma-tic proton H (wherever present) as well as that of the 
cyclopropyl protons in ppra. The bulh of the aromatic jprotons 
apioear in all these cas-es as a complex -multiplet centred around 
7 , 3 Dom, 



Table I 


ifo. 

’'yT 

Y 

i< 

H 


jjb 

1 . 

KO, 

Fn 

15 

5,42 

;4» 6 S 

2 » # , 


, H 

■ 

4,8 . ; 

, - , 

3. 

COOG„l-h 

2 5 

a 

6,15 

4.15 : 

3.2 

4#' 

COCH^ 

Fh 

6*2 

4 # 2 

3.4,. , 


cec .Hi- 

,6 5" ■; 

Hhl : 

6.3 

, 4' ^ 


64 

'C 3 

\ ■ COC^Hc ' 

6 5 


V';:4.5' ;; 

^4..5 
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* 

Proton H alx-zays appeared principally as a doublet •watn. 

J = 6-8 Hz and integrating exactly for oxie proton. The 
spectra of corrrpounds _l-6 are presented in the following section, 
A cursory examination of Table I shows that H* appeal’s only 
when Y = Ph, thus supporting the initial assignment for I .0 
A'iolecular models readily explaizis the shielding of li*. Free 
rotation of the phenyl ring with respect to the raraainlng 
rigid frarae worit is possible. Hovjevar, the conformation that 
is most favoured (2) as X'^ell as the one least favoured {3) can 
be easily identified on basis of non-bonded interactions. In 
the unfavourable 8 , the interaction of H* with C-H of the 
phenyl ring is maximum. 


Tl'ie theore’tical shielding of H* on basis of the favoured 

Gonformation ^ can be calculated using the Johnson-Bovey tables.^* 

■* 

For this conformation where z = 2 and p = 0,3 the aagpectad 
shielding is -1,55 ppra and ' in view- of the approximations 
inherent in Johnson-3ovey calculations as v/ell: 'as those present ' 
in the co,asi deration of the Dreiding model as representative of , 
1-6/ the , agreement with the obs'erved value/ namely ».1.2 ppm is 
quite good and;- reflect the inport ance of the preferred confonra--* 
tion for spiro systems represented by 1-6. 
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3;::p3kim5iital 

All melting points are uncorracted and were talcens 021 

^ -i? X S C il© X — O Oiin, S rX0 J 'C Iir/ ■ oo 'r » •'S- m t 

apparatus « Infrared spectra 

v»3re ta’:en on o ?erMn-amer - 137 Infraoord speotroraeter. 

Hi. spectra ,«re deten, lined on Varian A-c-OD spectrometer, using 
Ti*B as an xnterjial standard. 

The preparation of l and 2 are described in Section II, E 

aiiCi cO‘;ipoiiii<l ^ ill Section IXJoSo 


g gaction o j_J ^rP^as £fluore^ ^StliTlcinnamata g Is olation of 

2:::gien:i[l::.3-carbethoxYspi ro (cyclopropane- 1.9^^ f luore^^ ) ( 3 ) ^ ‘ ( traas ) 

A solution of 9-diazofluorene (2 g, 0.01 rnoi) and ethji- 
cirmaiuate (1.33 g, /v 0.01 ;iiol) in dry ether (30 ml) was allowed 
to stand at room temperature for three weeks. Tlie crude product, 
that separated gradually, on repeated crystallization from 95';4 
alcohol gave 1.22 g (347^) of 3, mp 115-116 (lit! 116°). 

Calcd for C, 84.70? rl, 5.38, Founds 

c, 84.42? B, 5.31, 


(cm“^) s 1704 (-G=o) , 1176, 1027 and 772. 

ii-Ks ^ {cbCi^} “ -GHg), 3.2 (d, J =S e Hz? -GH-Hl), 

4.15 (-^a, -OCH 2 ,.;and -CH-CCX5a2H5 protoiis) , 6.15 (d, J = 8 Hz, -H*) 
and 7,4 ,(ia, ' aromatic' protons) . 

TOZ s oingle spot s 0,69 iBensene s Ethyl acetate,. , 5 0 s50 ) , 
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Preparation of 2- Faenyl-S- acetyl spiro {cycloprotoane-l, 9^- 
fluorene) (4) (t rails ) 

5 

(i) Benzalacetone s To a v^ell stirred mixture of pure benzal- 
deliycle (10.6 QP 0,1 mol) and analar acetone (15,9 g, 0.27 raol) 
was added cautiously lOyi sodium hydroxide (2,5 ml) over a period 
of 0.5 hr. The roiicfcure ivas left stirred at room temperature 
for further 2 hr, made acidic by addition of dil. hydrochloric 
acid (3i-T, 10-12 :tlL). The reaction roixture was extracted with 
benzene (10 ml). The organic layer ivashed with water, dried 
(ISgSO^) and evaporated and the residue distilled at 122-130°/8 rora. 

The distillate solidified on standing to a crystalline .mass 
(10.75 g) . The crude solid was crystallized from petroleum ether 
(bp 60-66°) to give 10.25 g (70‘/0 of pure benzalacetone. 

Iks l) (neat) s 1667 ( p -unsaturated -G=0) , 1253, 

AUOX ' 

975 and 749. 

(ii) Keaction of 9-diazofluorene with Benzalacetone g Isolation 
of 4s A solution of 9-diazofluorene (1,16 g/ 0.006 mol) and 
benzal-acetone (C.SS g,- 0,0C6 .raol) in dr7 benzene (10 ml) was 
left aside at room tamperatura for tvro wee!:s. Addition of 
petroleum ethar (bp 60-66°, ■ 15 :.al) precipitated a colourless 
crgj'stalline raaterial. The crude compound was crystallized 
from benzene to give 0,735 g -{40^5) of 4, mp ' 226-227°, 

, Anal, Galcd,, for 39,03; H, 5 . 80 , Pound s 

C, 39„23; ,Ii, 5.86. , ' 
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Ills l) (;®r) 

max 

1 

(cm~ ) s 

1695 

(- 

G=C}/ 1447/ 

1171 and 774. 


nilRs ^ (CDCl^) ° 

2.03 (s, 

-CH, 

)/ 

3.4 (d/ J 

= 8 Es7 -G^Hi) / 

4.2 

(d/ J = 7 :is; -ClI- 

Ac)/ 6.2 

Iv./ 

J 

= 7 ---".r o 

and 7,35 (m/ 


aro.-.'aatic protons) o 


ITTT 

i UV-» o 


.Jinqle fS0O\ 


it ^ o 

'L 


0, 68 (Bsnzeris sBtliyl acetate , 


> 0 ) 


Preparation of 2 -Plienpl-- 3 - 3 o- 3 rxsoyls?iro (cyclo? 3 ropaiie~l/ 9 ^- 
fluorene) ( 5 ) ^ (trans ) 


To an ice-cooled stirred solution of 


sodium hydroxide (11 g, 0.275 aioi^ 100 iul) and 95 '/-i ethanol 
( 5 G g, 61 ml) was added dro:pv/ise distilled acetophenone (26 Qt 
C .216 moi) followed by bensaldehyde (23 0.217 mol) over a 

■period o£ 0,5 hr. The reaction raixture w'as left in -the ice-cliest 
overnight/ the solid filtered, washed 'with ice-cooled e*thanol 


(10 ml) c\nd dried. Crys'tallisation from 95 ii ethanol gave 36 g 
( 73 /i) of pure bensal acetophenone, rnp 56 - 57 ° (lit.^' 56 - 57 °). 

Ihs (ISr) (cm~^) s 1667 (-^6 -mi saturated -C= 0 ) , 

1613 , 1337 / 122 C, 1020 and 755 . 


(ii) Reaction, of O-Diagofluorene wdth 3 e n sal acetophenone g 
Isolation of 5 s A solution of 9 -dia 20 fluorene ( 1.333 g/ ■ 
C. 0 C 7 'raoi) and benzal acetophenone ( 1,45 g, 0,007 raol) in dry ■ ' 
benzerne (15 r.il) was left asi.de at room temperature for 
three weehs. Tlie resulting solution was '.treated with ije^t'oleum 
ether .(bp 60 - 66 °/ 10 'rol) and the solid obtained ; was crystallized 
from benzene spstroleum ether ( 50 s 50 ) .to give 1.392 g' .( 75 )^) of 5 , 
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mp isv-iss' ise"). 

Aiiai. Galcd for C2 qI-I2o^ 2 9C.32; H, 5»37. Founds 
C, 90.14; H, 5.24. 


lirls (I<3r) (cm"^) 




i'lX-'IRZ (C'iXJ*’ ) ^ 4#0 \G/ 

-CH-3s), 6.3 (d, J = 3 Hs, H*) 


TLC 3 Gingis spot s 


1664 {-C=0), 1433, 1220 end 1014. 

J = S Hs? -CH-Fii), 4.4 (d, J=8 Hz; 

, and 7.4 (:a, aromatic protons). 

0.72 (Banzene s.3tlipl acetate, 50 s50) • 
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